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I T may be eaſily perceived by the title 
of this work, that 1t 1s not offered to the 
public as a finiſhed piece on the ſubject. To 
treat of the theory and practice of electri- 
city, in the fulleſt manner, would require a 
larger treatiſe, and employ more time than 
I can devote to a work of this kind. 

The ſcience of electricity is now gene- 
rally acknowledged to be uſeful and im- 
portant; and there is great reaſon to think, 
that at a future period it will be looked up 
to as the ſource from whence the principles 
and properties of natural philoſophy muſt 
be derived. It's utility to man will not be 
inferior to it's dignity as a ſcience. 

I have not attempted to trace electricity 
from it's firſt rude beginnings, or to follow 
the mind of man in it's various and irregu- 
lar wanderings, in ſearch of the laws by 

a 2 which 
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which it acts, and the ſource from whence 
it is derived, as this has been ſo well exe- 
cuted by Dr. Prieſtley. Our view of things 
is ſo circumſcribed, and the myſteries of na- 
ture ſo profound, that it is not eaſy for us to 
determine, whether the received theory is 
founded on the baſis of truth, and conform- 
able to nature, or whether we ſhall be con- 
ſidered, by future philoſophers, as mere 
children, amuſed and ſatisfied with imper- 
fect opinions and ill digeſted theories. When 
a variety of chings are mixed together, 
which have little or no connection, they 
naturally create confuſion. It has been my 
endeavour, in the following Eſſay, to col- 
le and arrange, in a methodical and con- 
ciſe manner, the eſſential parts of electri- 
city, by theſe means to render it's applica- 
tion eaſy, pleaſant, and obvious to the 
young practitioner ; and by bringing toge- 
ther experiments of the ſame kind, make 
them mutually illuſtrate each other, and 
thus point out the ſtrength, or diſcover the 
weakneſs, of the theories that have been 
deduced from them, Though the nature 
and 


RE ACT. v 


and confined limits of my plan did not ad- 
mit of much variety of obſervation, or a 
formal enumeration of every particular, yet 
few things, I hope, of uſe and i importance 
have been omitted. 

As I do not wiſh to incur the imputation 

of plagiariſm, I with pleaſure acknowledge 
the aſſiſtance I have received from the dif- 
ferent authoxs who have written on this ſub- 
ject. I have uſed an unreſerved freedom, 
in ſelecting from their works whatever I 
found to anſwer my purpoſe. 
The various interruptions and avoca- 
tions, from which, as a tradeſman, I can- 
not be exempt, will, I hope, induce the 
reader to make ſome favourable allowances 
for any errors which he may diſcover, and 
kindly corrett them for himſelf. 

Being encouraged by the very rapid ſale 
of the former editions of this work, to offer 
another to the public, I have endeavoured 
to render it more perfect by ſuch additions 
and alterations, as either occurred to my 
own mind, or were ſuggeſted to me by 


others. The reader will find moſt of the 
chapters 
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chapters either enlarged by the addition of 
new matter, or improved by a different ar- 
rangement of the old; more particularly, 

the chapters on medical electricity and the 

Leyden phial. a 
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Containing a ſummary View of the General 

Principles of Electricity, or a Series of 

Introductory Propofitions and Experi- 
ments. 


Or Ecrctricity, or ELECTRICS, AND Nox- 
ELECTRICS. 
Us > 
HERE is a natural agent or power, gene- 
A. rally called the elefric, fluid, which by 
friction, or other means, is excited, or brought 


Mos action. * 
+ This action is maniſeſted to our ſenſes by what 
are termed electric appearances, 
B IThbeſe 
. 
* 5 » . 
* 
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Theſe appearances are the attraction and 


repulſion of light bodies pencils of light dart- 
ing from the electrified body, attended with a 
ſnapping noiſe on the approach of certain ſub- 
ſtances. | 


ExprRIMENT.— Take a glaſs tube of an inch 
and a half in diameter, and about three feet 
long, rub this tube from one end to the other, 
with the hand, or a piece of dry ſilk, and it 
will exhibit electric appearances, or be excited. 
The power thus brought into action will attract 
and then repel ſmall light bodies; ſmall pen- 
cils. of light will alſo dart from the tube in a 
beautiful manner, attended with a crackling 
noiſe, if the finger, or any other metallic ſub- 
ſtance, 1s brought near the tube. | 

EXPERIMENT, —Put your cylinder in good 
order, by the rules laid down in this work. Then 
turn the glaſs cylinder, and all the foremen- 
tioned appearances may be obſerved ; but as the 
action of the cylinder is ſtronger than that of the 
tube, the effects will be more viſible in the for- 


mer. In theſe' two experiments the friction 


againſt the tube or cylinder has brought into 
action and rendered ſenſible an agent, which 


before was apparently dormant and inviſible 
to us. | | 


With » 


. 
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With reſpe& to the electric matter, all ſub- 
ſtances may be divided into two claſſes, electrics 
or non-eleflrics. 

Electrics do not ſuffer the electric matter to 
paſs readily over their ſurfaces; hence they are 
alſo called non-conductors. 

Non-eleFrics permit the electric matter to paſs 
readily over their ſurfaces; from whence they 
are termed conductors. 

— —— ; 

ExrkRIMENT.—A metallic cylinder being 
fixed upon a glaſs ſupport, and placed near the 
electric machine, will receive the electric fluid 
from the glaſs cylinder, which will diffuſe itſelf 
over the whole ſurface of the metallic cylinder. 
It does not however readily paſs over the glaſs 
ſupport, but is detained by it on the metallic 
cylinder, from whence it may be nn by 
any metallic ſubſtance. 


A metallic cylinder ſupported by glaſs, and 
furniſhed with ſharp-pointed wires to collect 
the electricity from the glaſs cylinder, is called 
the prime conductor. It is ſaid to be inſulated by 
the glaſs ſupport, becauſe this obſtructs the paſs 
ſage, or cuts off the communication of the 
electric wi with the carth, 1.110 

B 2 
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This experiment will ſerve to give a general 
| idea of the foundation of the diviſion of all ſub- 
ſtances into electrics and non-electrics; but aa 
| it is a diſtinction which runs through the whole 
I buſineſs of electricity, we ſhall endeavour to 
elucidate it further, by entering more fully into 
the properties by which theſe ſubſtances are diſ- 
tinguiſhed. | 
Elefrics, or non-condu#/ors, may have any part 
of their ſurface rendered electrical by friction, 
1 without diffuſing the ſame kind of electricity to 
| any other part of their ſubſtance. 

Non-ele&rics, or conductors, cannot be ren- 
dered electrical by friction; and when electri- 
fied by any other means, the electricity is dif- 
fuſed over the whole of their furface, and every 
part thereof exhibits the ſame kind of electricity. 

The partial diſtribution of the electric fluid 
; on non-conductors is eaſily ſhewn, by only exci- 
ting one part of a glaſs plane, or a glaſs tube. 

The equal diffuſion of this fluid is ſeen by the 
prime conductor when electrified. 

A conductor electrified by communication, 
parts with the whole of it's electricity at once to 

any conducting ſubſtance, (that communicates 

with the earth,) when brought in contact with it; 

or a conductor cannot be electrified while it com- 
municates with the earth, becauſe all the elec- 

| tricity 
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_ . rricity is carried off by the communication. 
Whereas under the ſame circumſtances an excited 
electric loſes it's electricity only in thoſe parts, 
which are near the conducting ſubſlance, or to 
which it is applied. 

ExprRIMENT.— To illuſtrate this poſition, 
bring any conducting ſubſtance, that communi- 
cates with the earth, in contact with the prime 
conductor, and it will immediately deprive it of 
all the electricity it had acquired; but if the 
ſame conducting ſubſtance is brought near the 
excited glaſs cylinder, it will only take off a 
portion of the electric matter from that part to 
+ which it is applied. | 


— — 


Some conducting ſubſtances are more perfect 
than others. . 


„ — 


1 


ExprRIMENT.— The fluid will paſs more rea- 
dily over a metal rod, than one of wood, 


Among conductors, metals are the moſt per- 
fect; ſealing-wax, roſin, and glaſs, are amongſt 
the beſt non- conductors. A liſt of conducting 
ſubſtances will be given in this work. 

The electric fluid may be excited by friction, 
by heating and cooling. 

. 3 3 


= 


ExPERIMENT. 


— — 
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ExPERIMENT.—In working the electrical 
machine, this fluid is excited by friction. The 
Tourmalin ſtone is excited by increaſing or 
diminiſhing it's heat. 


7 * 


Or ExcirArilox, AND OF THE CONTRARY 
STATES OF THE ELECTRIC FLUID. 


The excitation produced by rubbing of elec- 
trics againſt each other is very ſmall. 


ExPERIMENT.—Rub two pieces of glaſs, or 
ſealing- wax, together, and only a ſmall degree 
of electricity will be obtained, | 


It is therefore neceſſary, that the rubber | 
ſhould be a conducting ſubſtance, and that it 
ſhould not be inſulated. 

Only a ſmall quantity of electricity can be 
produced, when the rubber and conductor of 
an electrical machine are both inſulated, 


ExPERIMENT.—Take off the chain, which is 
generally ſuſpended ,from the cuſhion to the 
table; turn the machine, and you will find leſs 
electricity than when the cuſhion or rubber 
communicated, by the chain, with the earth. 


| If 
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If the of an electrical machine be in- 
ſalated, and the conductor uninſulated, or made 
to des en with the earth, by hanging a 


chain from it; on turning the cylinder, the 
rubber will be ſtrongly electrified, and will at- 
tract and repel light bodies, and exhibit the 
ſame general appearances as the prime con- 
ductor. 


ExPERIMENT, — Connect an inſulated con- 
ductor with the rubber, place another before 
the cylinder, and both will be electrified. 


The conductor which 1s electrified by the 
cylinder will attract thoſe bodies, which are 
repelled by the conductor that is connected with 

the cuſhion, and vice verſa, 

If theſe conductors are brought near each 
other, ſtrong ſparks will paſs between them. 

If they be brought into contact, (or if they 
are connected together by a chain, ) the electri- 
city of one will deſtroy that of the other; and 
though the fluid may be ſeen to circulate round 
the cylinder, yet the two conductors, when thus 
conjoined, will exhibit few or no ſigns of elec- 
tricity. | 

From theſe experiments it may be inferred, 

8 that 
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that there are two powers in electricity, the 
one termed poſitive electricity, the other negative 
electricity ; that theſe powers may be rendered 
evident to the ſenſes when they are ſeparated; and 
that they counteract each other when united, 
the one deſtroying the effects of the other. 

To render this poſition more clear, we ſhall 
re-conſider the foregoing experiments on the 
two conductors, comparing them with ſimilar 
experiments on two conductors electrified with 
the ſame power. Electrify two conductors 
equally, by placing them before the cylinder, 
(that is, electrify both poſittvely,) and the fol- 
lowing obſervations may be made: 1. That 
what is attracted or repelled by the one, is alſo 
attracted and repelled by the other; whereas, in 
the foregoing inſtance, hat the one attracted, 
the other repelled. 2 That no ſparks will paſs 
between two conduQtors equally electrified with 
the ſame power, though they will paſs continu. 
ally between two electrified with different pow- 
ers. 3. Connect the two conductors that are 
before the cylinder, and ſparks may be taken 
from them, which Gnnor be done from the 
others when they are united. l 

The conductor connected with the cuſhion, 
is ſaid to be negatively clectrified. 


The 
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The conductor placed before the glaſs cylin- 
der is ſaid to be poſitively electrified.* 

Theſe experiments, if the rubber be inſulated, 
may be caſily exhibited by one conductor, by 
means of the two directors with glaſs handles, 
that are deſcribed in the chapter on medical 
electricity. Take off the chain from the 
cuſhion, and connect a director with it by a 
wire or chain, and connect another director 
with the prime conductor; turn the cylinder, 
and on bringing the directors near to each other, 
ſparks will paſs from the one to the other; the 
one will alſo attract what the other repels, and 
when brought into contact, neither of them will 
exhibit any ſigns of electricity. 

The electricity produced by the excitation of 
glaſs, is called poſitive electricity, ſometimes. 
vitreous, 


The 


Hence every electrical machine, with an inſulated 
rubber, may be conſidered as acting in athreefold manner. 
1. As a machine producing negative electricity; by con- 
neRing the prime conductor to the earth by a chain, and 

taking the fluid from the cuſhion or rubber. 
2. As a machine producing poſitive electricity. To effect 


this, make the rubber communicate with the ground by a a 


chain, and take the fluid from the conductor. 

3. As communicating the action of both powers at once. 
In this caſe, the rubber and conductor muſt both be inſula- 
ted, and the ſubſtance to be elefrified placed between two 
directors connected with them, | 


©. 
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The electricity produced by the excitation of 


ſealing-wax, or roſin, is called negative, or 


roſinous. 


Or ELECTRICAL ATTRACTION AND RepuLsION. 


If two bodies be electrified, both poſitively, 
or both negatively, they repel each other. 
If one be electrified poſitively, the other nega- 


tively, they attract each other. 
A body not at all electrified will be attracted 


by thoſe which are elcctrified, either negatively 
or poſitively, 


ExPeRIMENT.—Elccrify a pair of inſulated 
pith balls poſitively, and oy will repel cach 


other, 
EXPERIMENT. —Eledrify a pair of inſulated 


pith balls negatively, and they will repel each 


other, . 
ExPERIMENT.,—A pair of inſulated pith balls 


electriſied politively, will attract a ur that are 


electrified negatively. 
ExyreRIMENT.—A pair of inſulated pith balls 


elecrified negatively, are attrafted by excited 
glaſs, and repelled by excited wax; and the con- 


trary: for if the balls are electrified poſitively, 


they will be repelled by excited glaſs, and at- 


tracted by excited wax, 
Expr- 


* 
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 ExPERIMENT.---A pair of inſulated balls in 
their natural ſtate are attracted both by@xcited 
glaſs, and excited wax. | | 


The repulſion of balls electrified poſitively is 
deſtroyed by the application of an equal degree 


of negative electricity. 


ExprRIMENT.-Electrify two pair of inſu- 
lated pith balls equally, but one with poſitive 
electricity, the other with negative; bring the 
cylinders by which the balls are ſuſpended in 
contact, and the balls will immediately cloſe. 

ExPeRIMENT.---Electrify two pair of inſulated 
pith balls equally with poſitive electricity, bring 
the cylinders by which they are ſuſpended in 
contact, the balls will remain unaltered, 


From theſe experiments it may be inferred, 
that in the natural ſtate of electricity the two 
powers are always united ; that they only become 
viſible by their ſeparation, and that when ſepa- 
rated they manifeſt themſelves by thoſe appear- 
ances which we term electrical. It is highly 
probable, that the general phenomena of nature 
are carried on by theſe potter; when united, and 


* # 
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the more particular phenomena, or diſcordant 
notes in the great ſyſtem of the unjverſe, are 
occaſioned by the action of theſe powers when 
ſeparated, and their conſtant tendency to unite. . 
Be this as it may, the foregoing poſitions wall 
be found to illuſtrate all the experiments on 


electric attraction, from which we have ſelected 


the following, as ſome of the moſt pleaſing. 


ExyPerIMENT.,—Light feathers, hair, &c. 
connected with the conductor, are, when elec- 
frified, attracted by any non- electric body. 

ExPERIMENT.— The hair of any perſon that 
is electrified becomes repellent. 

ExyterimenT.,—_Downy feathers, bits of leaf 
gold; paper images, and other light badies 
brought near the conductor, are firſt attracted, 
and then repelled. 

EXPRIUMEXT.— The two outſide bells, fig. 
17, communicate by a chain with the conductor; ; 
the middle bell and the two clappers are ſuſ- 
pended by filk, which is a non-conductor, 
The electric fluid paſſes from the conductor to 
the outfide bells, theſe attract the clappers and 
impart electricity to them, which they in their 
turn communicate to the middle bell, from 


Whence it is conveyed by a chain to the earth. 


The 
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The ee in receiving and communicati 
the fluid, are alternately attracted and repelled. 


* Re” 
Thoſe ſubſtances that are brought within the 
influence of electrified bodies, become poſſeſſed 
of a contrary electricity; or, bodies, which art 
immerged i in an electric atmoſphere, always be- 
come poſſeſſed of an electricity contrary to that 


| of the body in whoſe atmoſphere they are im- 
merged, 


ExyeeRIMENT.—Bfing a conductor (without 
pointed wires) near to the glaſs cylinder, whilſt 
the machine is working. If the conductor be 
not inſulated, it will be negatively electrified, 
till it is brought ſo near as to receive ſparks 
from the cylinder. If the conductor be infulated, ® 
it will, in the ſame ſituation, be electrified nega- 
tively in the parts neareſt the glaſs cylinder, and 7 
poſitively in the parts more remote; as may be 
ſeen by bringing a glaſs tube, which is peſitively 
electrified, near a ball which is ſuſpended from 

the conductor. N 


Or ELecrrIrieD Polxrs. 1 


The electic fluid appears as a diverging ſiceam 
darting. forwards into the air from a * 


dody —_—_ clodirificd. = 
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_ It appears as a little globular ſtar on a point 
N rely electrified. 


„ FExpeRIMENT.—Thele appearances are to be 


* __- obſervcdin a dark room on the extremity of a 


pPraiointed wire fixed upon a conductor poſitively 
or negatively electrified; or on a wire held in 
the hand, and preſented to a poſitively or nega- 
ftively electrified conductor. 
5 . ExpRIMENT.— Theſe phænomena are beau- 
* tifully exhibited by the luminous conductor. 


{ A current of air is occaſioned from an electri- 

fied point. 

ExPERIMENT.—Place a pointed wire in the 

conductor, and hold the hand over it when the 

machine is in action, a very ſenſible wind will be 

4 * elt by the hand. 

ExPERIMENT.—Stick ſeveral pieces of paper 

or card like vanes in a cork, through the center 

of which a needle or ſteel pin paſſes, ſuſpend the 

whole by a magnet, preſent one of the vanes to 

a pointed wire inſerted in the conductor, and 

they will be put in motion by the current occa- 

ſioned by the point, and will turn with rapidity. 

A pointed wire placed on or brought near to 

an electrified conductor, gradually and ſilently 
diſſipates the electric fluid. | a 

a t 


# 


- . 
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It is to be obſerved here, that if the point be 
© brought within certain limits, it will not diſ- 
charge the conductor in the manner expreſſed 
in the foregoing poſition, but by a ſucceſſion of 
ſmall exploſions very quickly following each 
other, which leads to the following poſition. 


If an electrified point be ſituated in ſuch cir- 
cumſtances as to cauſe the fluid to accumulate 
on the conductor ; or, in other words, if it be 
ſo ſituated, that the power of the ſame name with 
that of the conduQtor cannot be readily diſcharged 
from it, it will then receive the electricity from 
the conductor in the form of a ſtrong ſpark. 


ExPERIMENT.—Place a pointed wire on the 
end of a ſpiral tube, and it will take a ſpark. 


Or THz LETDEN PHIAL. 


A glaſs jar or phial coated on both ſides (ex- 
cept about two inches from the top) with tinfoil 
or any other conducting ſubſtance, is called the 
| Leyden jar or phial. * 

If one ſide of this jar is electrified, while the 
other ſide communicates with the earth, it is ſaid 
to be charged. | 

If a communication is formed from one fide 
of the jar to the other (by a conducting ſub. 
. ſtance) 


„9 


* 
- 
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ſtance) after it has been charged, an exploſion, 
will be heard, and the jar is ſaid to be diſcharged, 

A Leyden phial cannot be charged when it is 
inſulated ; that is, when neither fide communi- 
cates with the carth. 


As the apparatus repreſented at fig. 49, plate 
II. is the moſt ready, and beſt adapted for il- 


luſtrating the phænomena of the Leyden phial, 
we ſhall confine ourſelves principally to it in 
this part of the preſent Summary. 


_ Exesr1ent.—Screw the phial with the belt 
on it's inſulated ſtand, as at fig. 48; bring the 
coating in contact with the conductor, turn the 
machine: ſlowly, and after a few turns remove 
the phzal from the conductor; then form a 
communication between the outſide and the in- 
ſide of the phial, by placing one end of the diſ- 
charging rod firſt upon the coating, and then 
bringing the other end of the rod to the braſs 
ball of the bottle; there will be no exploſion, 
the bottle not being charged becauſe both ſides 
were inſulated. 

ExpenIMENT.—Hang a chain * the braſs - 
ball of the phial to the table, then bring the 
coating in contact with the conductor, and after 

a ſew turns of the machine remove the phial as 


before; then apply the diſchafger, an exploſion 


will 


- 


- 


. 
* 
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eil be heard, and the bottle will be diſcharged ;/ 


for in this caſe, the inſulation of the infide is 
deſtroyed by the chain, and the phial becomes 


capable of receiving a charge. 


As much of the electrical fluid is thrown off 


from one fide of a jar when charging, as is com- 
municated to the other. | 


— — — — 


ExrrRIMENT.— Place the coating of the jar, 
fig. 48, in contact with the conductor, and the 
knob. of Another equal ſized jar (as L, fig. 49,) 
in contact with the knob of the firſt; turn the 
machine a few times, then remove the jars from 
each other, and from the conductor; apply a 


diſcharger, as before directed, firſt to the age, 


then to the other, and you will find them both 
equally charged ; the infide of the ſecond phial 
having received from the inſide of the firſt, as 
much of the fluid as the outſide thereof rggeived 


from the machine. 
= 


When a Loden phial is charged, 
ſides thereof anhin contrary ſtates; that, the 
one is poſitively, the other ncpatively elettriſied. 


— 


E ExPtktvexr,—Chargg the | jar, fig. 48, 1 * | 


,* Sringing the gogging in intact with the con- 
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ductor, and letting a chain fall from the ball te, & 
the table. When it is charged, remove the jar 
from the conductor, and the chain from the 
knob. The coating of the jar will electrify a 
pair of inſulated pith balls poſitively, and the 
knob will electrify a pair negatively ; evincing 
that the inſide and outſide of the jar are in con- 
trary ſtates. 

Reverſe the foregoing experiment, by bring- 
ing the knob of the jar in contact with the con- 
ductor, and letting a chain fall from the outſide 
coating to the table ; charge the jar, and remove 
the chain, the coating will now electrify the 
inſulated pith balls negatively, and the knob will 
electrify them poſitively. oF 

ExPERIMENT.,—Charge the jar, fig. 48, poſi. 
tively ; connect a director with the chain from 
the coating, and bring the ball of the director 
towards the knob of the bottle; a cork ball, or 
an artificial ſpider, ſuſpended by a ſilk ſtring, 
will play between the two balls till the bottle is 
diſcharged, carrying the fluid from one to the 
other, till it has reſtored the An 
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A is ſaid to be poſitively electrified, when S 
the inſide receives the fluid from the conductor, 
and the outſide is connected with the earth. 
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& It is ſaid 0 be FR. electrified, when 
the outſide receives the fluid ſrom the conduQor, 
* and the inſide communicates with the earth.“ 
Ihe contrary ſtates of the Leyden phial ſhewn 
by the charge and diſcharge thereof. 
ExpERIMENT.— Take two bottles of the ſame 
ſize, as H and I, fig. 49, charge both poſitively, 
and connect the coatings of each, as in fig. 43, 
bring the two knobs together, and no exploſion 
will take place, and the bottles will not be diſ- 
charged; becauſe the inſide and outſide of each 
bottle is in the ſame ſtate, or endued with a 
power of the ſame kind, and have therefore no 
tendency to unite, The ſame happens if both 
are charged negatively. 
ExPERIMENT.—Charge one poſitively, the 
other negatively; then on bringing the knobs 
together as before, an exploſion will take place, 
and both bottles will be diſcharged ; in this the * 
powers on the inſide and outſide of each bottle 
vere of different kinds, with a ſtrong tendency 
to unite. 


— — —— — 


. * It is neceſſary that a jar charging negatively ſhould be 
inſulated, becauſe the fluid is, in the firſt inſtance, con- 


* veyed to the coating, and would, if un-inſulated, be immedi- 
i ately carried to the 2 


E 2 
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In the foregoing experiments it will be found 
very convenient for the diſcharge of the jars, 'to 
ſcrew the wire K or L into the hole at the topo 
the inſulating pillar; as the coating of the. 
moveable jar may be placed on this wire, and it's 
knob be eaſily brought to touch the inſulated 
—_ 
The contrary ſtates of the ſides of a Leyden 
phial may be exhibited by the appearance of 
the electric light, or pointed wires connected 

with the coating, or balls of the bottle; and 
alſo by the different appearance thereof in vacuo. 
But for theſe we ſhall refer the reader to the 
following Eſſay, as the foregoing experiments 
are ſufhcient to prove the fact. 3 

The charge of a coated jar reſides in the glaſs, 
and not in the coating. 


4 


ExprRIMTNT. Let a plate of glaſs be placed 
between two metallic plates, about two inches in 
diameter, ſmaller than the plate of glaſs; charge 
the plate of glaſs, and then remove the upper 
metallic plate by an inſulated handle ; take up 
the glaſs plates, and place it between two other 
plates of metal unelectrified and inſulated, and 
the plate of glaſs thus coated afreſh will ſtill be 

charged. 


—H— — * 
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The paſſing of the electric fluid from one ſide 
of a charged jar to the other, is apparently in- 
ſtantancous, through whatever length of a me- 
tallic or other good conductor it is conveyed, 
- . 

ExPtRIMENT.—Let any number of perſons 
make a part of the circuit of communication, 
and the fluid will paſs inſtantaneouſly through 
the whole. 


- Thediſcharge of a charged jar gives a painful 
ſenſation, called the electric ſhock, to any animal 
placed in the circuit of communication. 

If the circuit be interrupted, the fluid will 
become viſible ; and if reſiſted in it's paſſage, 
will leave an impreſſion upon the intermediate 
or reſiſting bodies.“ 


* 
ExPerRIMENT.,—Let the fluid paſs through a 
chain, or through any metallic bodies, placed 
at ſmall diſtances from each other; the fluid, in 
à dark room, will be viſible between the links 
ol the chain, or between the metallic bodies. 
ExrRIM ENT. If the circuit be interrupted 
by ſeveral folds of paper, a perſoration will be 
made through it, and each of the leaves will be 

* 


E pro- 
Eußeeld's Inſlitutes of Natural Philoſophy. 


= 
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protruded by the ſtroke from the middle en 
wards the outward leaves. 

ExeERIMENT.—lf ſpirits of wine, or gun- 


powder, be made part of the circuit, it will be 
fired. | - 0 


The force of an electric charge does not de- 
pend on the ſhape of the charged ſurface. 

Let the ſame quantity of coating be placed 
upon a jar, and upon a plate of glaſs, the effect 
will be found to be nearly the ſame in each. 

When the ſurfaces of an electric jar are 
charged with a certain quantity of the two pow- 
ers, it is obſerved, that no additional clectricity 
can be communicated to them, however great 
an excitation is applied for that purpoſe. 


1. 


Or Tus ELT TRI Bar TERV. 


The force of the electric charge may be in- 
creaſed, by augmenting the ſurface of coated 
glaſs. 

The uſual method of effecting this, is to 
form a communication between the inſide of a 
number of coated glaſs jars, and another com- 
munication between the external coating ; jars 
ſo diſpoſed are called an electrical battery. . 


Fine ® 


* 
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Fine metallic wire may be melted by a bat- 
**tery, ſmall animals may be killed, thick pieces 
of glaſs be ſhattered to pieces, and other curious 
effects produced, the greater part of which are 
deſcribed in the courſe of this Eſſay. 

The electric fluid and lightning are the ſame 
ſubſtance. 

Their properties and effects are the ſame; 
flaſhes of lightning form irregular lines in the 
air; the electric ſpark, when ftrong, has the 
ſame appearance. Lightning ſtrikes the higheſt 
and moſt pointed objects, takes in it's courſe 
the beſt conductors, ſets fire to bodies, melts 
metals; in which, and many other particulars, 
it agrees with the phænomena of the electric 
fluid. Laſtly, the lightning being brought 
from the clouds to an electrical apparatus, will 
exhibit all the appearance of the electric fluid. 

It is ſuppoſed that buildings may be ſecured 
from the effects of lightning, by fixing a pointed 
metallic rod higher than any part of the build- 
ing, and continuing it, without interruption, to 
the ground or neareſt water. 

The experiment moſt generally uſed to illuſ- 
trate this poſition, is that of the thunder-houſe, 
which 1s a board ſhaped like the gable end of a 
houſe, and fixed perpendicularly upon an hori- 

C 4 Zontal 


* 


* 
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zontal board; in the perpendicular board a 


ſquare hole is made, into which a ſquare piece of 


wood is to be fitted, ſo that it may eaſily fall out 
of it's place; a wire is fixed diagonally into this 
ſquare piece; another wire, terminated with a 
braſs ball, is faſtened to the upper part of the 
perpendicular board, with it's ball above the 
board, and it's lower end in contact with the 
diagonal wire; in the ſquare piece of wood, a 
communication is continued from the other end 
of the diagonal wire, by a wire to the bottom 
of the perpendicular board. If che wires, in 
this ſtate, are made part of a circuit of com- 
munication, on diſcharging the jar, the ſquare 
piece of wood will not be diſplaced; but if the 
communication be interrupted by changing the 
direction of the diagonal wire, the ſquare piece 
of wood will, on the diſcharge, be driven out 
of it's place. See fig. 68. 

If, inſtead of the upper braſs ball, a pointed 
wire be placed above the perpendicular board, 
the diſcharge may be drawn off without an ex- 

ploſion. - | 


Or a PrlATrE or AlR. 


As the air is an electric, it will receive a 
charge, and give a ſhock like any other electric 
ſubſtance. g 
This 


9 
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This is effected by means of two large boards, 
covered with tin foil, the one connected with 


the conductor, the other placed parallel to it on 


an inſulated ſtand; theſe boards may be con- 
ſidered as the coatings to a plate of air; and if 
a communication be formed between them by 
touching the uninſulated board with one hand, 
and applying the other hand to the conductor, 
the ſhock will be felt, See Nicholſon's In- 
troduction to Natural Philoſophy. 

« A great part, of the electric phænomena, 
are the conſequence of the air being thus 


charged. Thus the prime conduQtor imparts 


it's electricity to the ſurface of air immediately 
contiguous to it, and when the ſpark is drawn, 
the diſcharge is made to the non. electrics in the 
room, which are in contact with the oppoſite 
ſurface. 

« It is a conſequence of the air being charged, 
that broad non-electric ſurfaces draw large ſparks 
from the conductor, for the ſparks are the dil- 
charges of a large plate of interpoſed air; a leſs 
ſurface will draw a leſs ſpark, becauſe the ſame 
machine diſcharges leſs ſurfaces higher than 
greater; the ſpontaneous diſcharge through the 
body of the electric air, will be made at a greater 
diſtance of the ſurfaces ; that is to ſay, the 


ſparks. 
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ſparks will be longer. Tf the ſurface of the pre- 


ſented plate be ſtill ſmaller, the ſparks will alſo 


be ſmaller, and emitted to a greater diſtance ; 
and# if the ſurface be indefinitely ſmall, or in 


other words, if the non-elettric be pointed, the 


ſpark may be ſo ſmall as to be inviſible, and the 
diſtance to which it can be emitted, may be un- 
limited.” 


* 


Or Mepicarlt ELEcTRICITY. 


The ſatisfactory experiments that have been 


made on this head, by ſome of the firſt charac- 


ters in the medical line, particularly at St. Tho- 


mas's Hoſpital, - by Mr. Birch, have eſtabliſhed 
the reputation of electricity in medicine, as they 
have clearly proved, that when uſed by the 
ſkilful, it is as certain in it's effects as any me- 
dicine in the whole materia medica, and more 
extenſive in it's application. 

In medicine, it has been very judiciouſſy 
conſidered as acting under three forms. 

1. The fluid, which may be conſidered as a 
ſedative. 


2. The ſpark, or friction, which may be 


ranked under the title of a ſtimulant. * 
3. The ſhock, which may be conſidered as a 
powerful deobſtruent. 


The 4 
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The fluid may be thrown upon or extracted 
from the patient. 


- 


d 

* 

= 
* 


This is always beſt effected by a Kacn a+ a. * 


point. 
1. Inſulate the patient, and connect him 


Wich the poſitive conductor; then preſent the 


wooden point of the director towards him, ang b 


it will gradually draw the fluid from him. 
2. Let the patient communicate with ghe 


ground, and connect the metal part of the direc- 


tor with the poſitive conductor, and the fluid 
will be gently thrown upon the patient. 

3. Connect the inſulated patient with the 
cuſhion, then he will receive the fluid from the 
director held in the hand. 

4. Connect the director with the cuſhion, and 
the fluid will be extracted from the patient. 


Of the elefric ſpark, or friction. 


What has been ſaid with reſpect to the fluid, 
is equally applicable to the electric friction ; only 


here the point is to be unſcrewed from the direc- 


tor, and the braſs ball ſcrewed on in it's ſtead. 
In the friction, the part ſhould be covered 
with wogllen cloth or flannel, and the braſs ball 
is to be applied cloſe to the flannel; but in 
taking ſparks, it is to 
tance from the body. n 


= - To 


emoved a, little dif- 
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7 increaſe the. denſity of the fluid or ſpark. 


. 4s;  Fiſſibe medical bottle to the conductor, let 
I chain fall from the hook at the bottom thereof 


5 to the table, place the electrometer on the con- 
dauctor, (as it is repreſented in the fronulpicegy 
e work,) let the ball of the electyometer be 


ced at ſome little diſtance from the conduc- 
tor, and then connect your director, by means 
oF; Wire, with the exterior ball of the electro- 
after this preparation, you, may turn 
the 1 and when the fluid has attained 
ſuſſcient force to paſs from the conductor to the 
3 ball of the electrqmeter, you may apply the 
director to the patient, who, will receive a denſe 
; ſtream therefrom; the machine to be kept turn- 
ing during the operation, Or, connect an in- 
ſulated patient with the electrometer, and then, 
on applying the director to him, you will ex- 

tract a denſe ſtream from him. 
VN. B. Whenever the director is uſed without 
being connected with the conductor or cuſhion, 
the hand ſhould communicate with the braſs 

part thereof. 


To 5 o paſs a fiream of the electric fluid. ! 

pat of be body, without giving the /b 
| 1. * dieMor with the cuſhion, and 
. inoth with the conductor; place the part, 
| through 


rough any 
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through which you waht the ftreatn Tag i ” aw 
berween the directors. | | 
N. B. The denſity of this Ardark is — 2 23 
mented, if the bottle is ſuſpended agreeable to 2.7 1 
the directions in the preceding article, and on „% * 
director joined to the electrometer. 
2. 10 the patient, and apply a director 15 
that communicates with the conductor, far * 
with the electtometer and bottle, ) to one 2 2 „ 


and a braſs ball to the other. « «| 


* *: 
To give the ſhock. * 25 
. 
Suſpend the bottle from the c or, * 22 


the electrometer in it's place, (ſee the late th PAK N 
faces the title-page of this work,) and retnove ** was 
the inner ball a ſmall diſtance from the conduls Y.*² & 
tor; then connedt one Uireftor by a wire with * * 2. 
the hook at the bottom of the bottle, and * 
other with the exterior ball of the electromete r. * Y: » *% 
the part through which the ſhock is to wgſs, *: 8 4 
muſt be placed between theſe balls; there will 2 „ 34 
be a ſhock every time the fluid has acquiliſih 


„ 
ſufficient force to paſs from the conductor * wy 4 
the electrometer. 


To give a quick vibratory ſenſation, not ſo a . OS 

as the ſhock, though Rronger than the pant. y \ 
The directions in the preceding article apply * 8 

immediately to the pteferit, with only this dif- | 


4 
" 
„% " | 
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s ». » on the ball of the electrometer may be re- 
93 moved further off, and the long wire is to be 


4% . en out of the tube of the bottle. 


*% 


1 b | 
* 7 1 Or ArMospHERIC ELECTRICITY. 
* ” 


f 


The atmoſphere is always electrified, ſome- 
* times negatively, but moſt commonly with 
* 1 " Poſitive electricity. In ſerene weather, the 
q* + _eledricity is always poſitive, and the quantity 


* 


25 is proportional to the quantity of moiſture. 
, . „ ail is always accompanied with electricity. 
| 8 „5 1 generally ſo. 
25.9 d thick fogs ſtrongly electrical, though 
. ww more ſo after a froſt. 


„„ tf In ſummer, the electricity of the atmoſphere 
1s very weak; it grows ſtronger at ſun-riſe, and 
PR *, increaſes i in ſtrength with the elevation thereof; 
ſun-ſet it again becomes weaker. 

Impetuous winds generally leſſen the force 
of the atmoſpheric electricity. 

A firong electricity often riſes with the 
age” particularly if the ſeaſon is cold, the ſky 
Narr, and very little wind. 


2 # 9 Or a Vacuum, : 


Air rarified to a certain degree, permits the 
| Y Flectrie fluid to pals eaſily through it. 


iS | Ag 
s my" 4 * 
. ag 
. Fe | 
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As the air is a non- conductor, it reſiſts the 


motion of the electric fluid; therefore, the re- 
mo val of it facilitates the effort this fluid makes 
to eſcape from the ſubject on which it is thrown; 
at the ſame time it is highly probable, that it is 
by means of the vapour which expands itſelf 
when the preſſure of the atmoſphere is taken 
off, that the electric fluid is conducted through 
the vacuum; for there is reaſon to think, that 
electricity always requires a conductor, to make 
it paſs from one body to another; and this is 
further confirmed by thoſe experiments, which 
ſhew that a more perfect vacuum of air is a non- 
conductor. 


ExPERIMENT,—Let a vacuum be made part 
of the circuit in diſcharging a Leyden phial. 

ExXPERIMENT,. — Let a jar be charged in 
vracuo. „ 


1 
* a 
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CHAT. IL 


Or ELtcTRICITY IN GENERAL, —Or THE DI8TINC= 
TION BETWEEN ELECTRICS AND NON-ELECTRICS, 
A CaTalLoGue or CONDUCTING SUBSTANCES. 

ur AxATLOGY BETWEEN ELECTRICITY AND, 

Firs. | 


T muſt appear ſurpriſing to every ſearcher 
1 after truth, that electricity, which is now 
1 allowed to be one of the principal agents em- 
| f 


1. ployed in producing the phænomena of nature, 
1 . ſhould have remained fo long in obſcurity ; for, 
| comparatively ſpeaking, it's exiſtence was not 
| "known to the ancients. They were not, indeed, 
= - altogether ignorant of the peculiar properties of 
11 | thoſe bodies that we now term ele&rics ; never- 
== thelefs their knowledge was circumſcribed, 

| 1 | being confined to the obſervation only of thoſe 


phenomena which nature preſented to their 

ſenſes, in the ordinary courſe of her operations ; 
hence near two thouſand years clapſed, before. 
Ih any addition was made -to the little which was 
vs known to Theophraſtus, and this branch of 
4 natural hiſtory remained uncultivated, till the 
happy period arrived, when the philoſopher was 


| a emanci- 
* 


AN ESSAY ON ELECTRICITY. 33 


emancipated from the chains of hypothetic rea- 
foning, and the uncertainties of vague conjec- 
rure. 

Ihe exiſtence of this ſubtle, and in moſt caſes 
inviſible power was then traced, and many of 
it's properties developed; it's agency was diſ- 
covered to be univerſal, and it's extent unli- 
mited. | 

It muſt be evident indeed, even to a ſuper- 
ficial obſerver, that electricity is no trivial or 
confined ſubject ; becauſe there is no body in 
nature that is not acted upon in a greater or leſs 
degree by this important agent. 

The importance of the electric fluid in the 
ſyſtem of the world, is confirmed by a conſidera- 
tion of thoſe phænomena in which it is con- 
cerned, and which take place without the con- 
current operation of man. 

Thus ſeveral fiſhes poſſeſs the property of 
giving the electric ſhock, The torpedo, and 
one or more ſpecies of cels, from Surinam, if 
touched by the hand, a metal rod, or any other 
conductor, give a conſiderable ſhock to the arm, 
but may be ſafely touched by a bit of ſealing- 
wax. The ſhock depends on the will of the 
fiſh, and is tranſmitred to a great diſtance; ſo 
that it perſons in a ſhip happen to dip their 
fingers or feet in the ſea, where the fiſh is ſwim- 

D ming 
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ming at the diſtance of fifteen feet, they will be 
affected therewith. . 

Many diſorders of the human frame have 
been cured or relieved by electricity; new 
action has been given to deficient powers, and 
the terrors of the knife been frequently pre- 
vented. | | | 

But the moſt remarkable appearances of elec- 
tricity, which are viewed with ſurprize by all 
ranks of people, are thoſe which may be termed 
atmoſpherical, as exiſting in, or depending on, 
the ſtate of the atmoſphere. Lightning is proved 
to be an electric phænomenon, and there is little 
doubt but that the aurora borealis, whirlwinds, 
and water-ſpouts, depend on the ſame principle. 
Electricity has one conſiderable advantage over 
molt other branches of ſcience; it furniſhes 
matter of entertainment for all perſons promiſ- 
cuouſly, while it is a ſubject for ſpeculation to 
philoſophers. Neither the air-pump, nor the 
orrery; neither experiments in hydroſtatics, 
optics, or magnetiſm ; nor thoſe in all other 
branches of natural philoſophy, ever brought to- 
gether ſo many or ſuch great concourſes of 
people, as thoſe of electricity have done fingly.” 

« It we only conſider what it is in objects that 
makes them capable of exciting that pleaſing 


aſtoniſhment, which has ſuch charms for all 


mankind, 
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mankind, we ſhall not wonder at the eagerneſs 
with which perſons of both ſexes, and of every 
age and condition, run to ſee electrical experi- 
ments. Here we ſee the courſe of nature to all 
appearance entirely reverſed in it's moſt funda- 
mental laws, and by cauſes ſeemingly the ſlighteſt 
imaginable: and not only the greateſt effects 
produced by cauſes which ſeem to be incon- 
ſiderable, but by thoſe with which they ſeem to 
have no connection.“ 

Here we ſee, contrary to the principles of 
gravitation, bodies attracted, repelled, and 
held ſuſpended by others, which are ſeen to 
have acquired that power by nothing but a very 
flight friction! Here we ſee a piece of cold 
metal, or even water, or ice, emitting ſtrong 
ſparks of fire, ſo as to kindle many inflammable 
_ Aubſtances ! Again, what can ſeem more mira- 
culous, than to find that a common glaſs jar 
ſhould, after a little preparation, be capable of 
giving a perſon ſuch a violent ſenſation, as 
nothing elſe in nature can give, and of even de- 
ſtroying animal life; and that this ſhock is 
attended with an exploſion like thunder, and a 
flaſh like lightning ! | 

As electricity is in it's infancy, when conſider- 
ed as a ſcience, it's definitions and axioms can- 
not be ſtated with geometric accuracy. I ſhall 

D 2 endeavour 
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endeavour to avoid, as much as poſſible, the uſe 
of poſitive expreſſion, in order to invite the 
reader to examine the experiments himſelf, to 
compare them one with another, and then draw 
his own concluſions ; beginning with thoſe ex- 
periments which were the foundation of the pre- 
ſent ſtate of electricity, and which gave riſe to 
the principal technical terms made uſe of in this 
. 


ExPERIMENT I. —- Rub a dry glaſs tube with 
a piece of dry ſilk, and it will thereby be elec- 
triſied; preſent light bodics, as feathers, pith 
balls, &c. to it, they will be attracted, ang 
then repelled. 

A piece of black or oiled ilk, on which a 
little amalgam has been placed, makes the beſt 
rubber for a ſmooth glaſs tube : ſoft new flannel 
ſucceeds well with ſealing wax. 


EXPERIMENT 11.—Rub a dry ſtick of ſealing 
wax, it will firſt attract and afterwards repel 
thoſe light bodies that are brought near to it. 


The friction in the two preceding experiments 
has put in action an agent, or power, which at- 
tracts 
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tracts and repels light bodies; this power is 
called electricity. 

A certain quantity or natural ſhare of the elec- 
tric fluid, is ſuppoſed to be diſſeminated in all 
bodies, in which ſtate it makes no impreſſion on 
our ſenſes ; but when, by the powers of nature 
or art, this equilibrium is deſtroyed, and the 
agency of the fluid is rendered viſible to the 
ſenſes, then thoſe effects are produced which we 
term electrical, and the body is faid to be elec- 
trified. 

Any ſubſtance, that is made by friction to 
exhibit electric appearances, is ſaid to be excied. 

Amber, filk, jet, dry wood, and a variety of 
other ſubſtances, being excited, attract and re- 
pel light bodies; theſe are called eleFrics. Such 
ſubſtances, as metals, water, &c. the f zictionof 
which will not produce this power of attraction 
and repulſion, are called non-elefrics. 

When the excited glaſs tube, or ſtick of ſeal- 
ing wax, is in good order, and the particles of 
electricity are ſufficiently united to act on the 
organs of viſion; pencils of light, or flaſhes of 
divergent flame, will dart from the tube in 2 
beautiful manner, attended with a crackling 
noiſe, which will be heard on the approach of 
any conductor. The matter cauſing this light 
and ſound is what is meant by electricity. 

| D 3 Electricity 
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Electricity is often excited by other cauſes as 
well as friction, Thus it may be produced by 
heating or cooling of ſome ſubſtances, by blow- 
ing of air violently on a body, &c. nay, it is 
probable, that whatever removes the ſtratum of 
air from the ſurface of any body, or influences 
the coheſion of it's parts, will diſturb the clec- 
tric fluid, 

The diſcharge of large cannon, and the blow. 
ing up of powder magazines, has been known 
to electrify glaſs windows. 


ExPERIMENT 111.—Let a metallic cylinder 
be placed upon ſilk lines, or upon glaſs, bring 
an excited electric near to it, and every part of 
the metallic cylinder will attract and repel light 
bodies, as forcibly as the excited electric itſelf. 


EXPERIMENT w. Support a dry glaſs rod on 
filk lines, or by glaſs, bring an excited electric 
near it, and no attraction or repulſion will take 
place; becauſe the electricity cannot be tranf-- 


mitted through it. 


From theſe experiments is deduced the diſ- 
tinction between thoſe bodies which produce 
the electric fluid, and thoſe which do not: the 
one having the power of tranſmitting this fluid, 


the other poſſeſſing no ſuch power. 
WE, | Thoſe 
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Thoſe bodies which poſſeſs the power of trunſ- 
nitting electricity, are called condudZors and un- 
eleclrics. 

Thoſe ſubſtances, which are impervious to 
electricity, are called nan- conductors, or eleftrics. 

A body which communicates with nothing 
but electrics, is ſaid to be n/ulated. 

If all ſubſtances poſſeſſed an equal power of 
retaining or parting with the electric fluid, the 
greater part of it's phænomena would have re- 
mained unknown to us ; but, as it paſſes readily 
only over the ſurface of ſome ſubſtances, while 
others reſiſt it's paſſage, or are nearly imper- 
meable to it, we are enabled to accumulate, con- 
denſe, and retain it on the laſt, and thus ſubject 
it eaſily to the teſt of experiment. 

From the third and fourth experiments we 
learn, that excited electrics will communicate 
the electric powers to conducting ſubſtances 
which are inſulated, that theſe will then attract 
and repel light bodies, &c. ſimilar to the elec- 
tric itſelf; with this difference only, that a con- 
ductor, which has received electricity, parts 
with it at once, when it is touched by another 
conductor that communicates with the earth; 
whereas the excited eleAric, under the ſame 
circumſtances, only loſes it's electricity par- 
tially. 

D 4 A con- 
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A conductor cannot be electriſied while it con- 
municates with the earth, becauſe the electri- 
city is immediately conveyed away. 

An inſulated electrified conductor will be de- 
prived of it's clectricity, by taking a ſpark from 
any part thereof with an uninſulated conductor. 


—— 


EXPERIMENT v. Electrify, with excited glaſs 
or ſealing wax, two inſulated cork balls, ful- 
pended by lines about fix inches long, and the 
balls will ſeparate from and repel each other. 


| ExPERIMENT VI. — Electrify one ball with 
glaſs, the uber with ſealing wax, and they will 
be mutually attracted, 


* 


Theſe two oppoſite and remarkably diſtinct 
effects in the attractive and repulſive powers of 
electricity, whereby one aliradis what the other 
repels, were diſcovered at an early period of the 
hiſtory of this ſcience. 

The electric power produced by the excitation 
of glaſs, is called poſitrve elefricity, and the 
power produced by the excitation of ſealing 
wax is Called negalive electricity. This differ- 
ence was at firſt thought to depend on the elec- 
tric, and it was then ſuppoſed that the two 

5 | kinds 


AN ESSAY ON ELECTRICITY, 41 


kinds of electricities were eſſentially diſtinct ; 
but it is now known, that each of theſe powers 
may be produced from the excitation of either 
glaſs or ſealing wax. 

Electricians have been engaged, by the diſ- 
covery of the two foregoing diſtinctions, to ex- 
amine the electric properties of moſt bodies, to 
aſcertain whether they poſſeſſed the poſitive or 


negative powers; by this means the' catalogue 
of electrics has been conſiderably increaſed, and 


it was ſoon found that every ſubſtance, we were 
acquainted with, had more or leſs affinity with 
the electric fluid.“ 


CATALOGUE or CONDUCTING SUBSTANCES, 


I. Sjony Subſlances. 


Stony ſubſtances in general conduct very well, 
though dry and warm. | 

Lime-ſtone and lime juſt burnt are equally 
imperfect conductors, 

Marbles conduct conſiderably better than 
free-ſtone, and there is found very little differ- 
ence among any of the ſpecimens of marble 


that have been tried, | 
8 A large 


|  ® See Dr, Prieſtley's Hiſtory, Cavallo on Eleftricity, ® 
Marat, Recherches ſur l' Electricitẽ. 
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A large piece of white ſpar, with a tinge of 
blue and ſemi-tranſparent, will hardly conduct 
in the leaſt degree : pretty ſtrong ſparks may be 
taken from the prime conductor, while it is in 
contact with it. | 
A piece of agate, ſemi-pellucid, receives the 
electric ſpark into it's ſubſtance; though it will 
paſs over about three quarters of an inch of it's 
ſurface to reach the finger that holds it, and it 
diſcharges the battery but ſlowly. 

A piece of ſlate, ſuch as is commonly uſed to 
write on, is a much better conductor than a 
piece of free-ſtune, which conducts but poorly, 

Touch-ſtone conducts pretty well. 

A piece of gypſum and plaſter of Paris con- 
ducts very well, only the latter having a ſmoother 
ſurface takes a ſtronger ſpark. 

A piece of aſbeſt from Scotland, juſt as it is 
taken from it's bed, will not conduct, While 
in contact with the conductor, ſparks may be 
taken at the diſtance of half an inch with a mo- 
derate electrification. 

A piece of Spaniſh chalk conducts much like 
marble. - 3 | 
A piece of Egyptian granite conducts conſi- 
derably better than free-ſtone, 


- 


2. Saline 
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2. Saline Bodies. 


Oil of vitriol conducts very well. 
The metallic ſalts in general conduct better 
than any neutrals. 
Vitriol of copper and of iron conduct very 
well, though they will not tranſmit a ſhock. 
Vitriolated tartar gives a ſmall ſhock. 
Salt-petre does not conduct ſo well as ſal- 
ammoniac. If the electric exploſion paſſes over 
it's ſurface, it diſperſcs into a great number of 
fragments, in all directions, with conſiderable 
violence. 
Volatile ſal-ammoniac gives a ſmall ſhock. 
Rock- ſalt conducts, but not quite ſo well as 
allum ; the electric ſpark upon it is peculiarly 
red, * | 
Sal-ammoniac exceeds rock-ſalt and allum in 
it's conducting powers, but will not take the 
leaſt ſenſible ſpark; ſo that it ſeems made up 
of an infinite number of the fineſt points. | 
Salenitic ſalts conduct but poorly, 
By allum the exploſion is attended with a 
peculiar hiſſing noiſe, like that of a ſquib. 


3. Inflammable Bodies. 


A piece of pyrites, of a black colour, takes 
ſparks at a conſiderable diſtance from the prime 
conductor, 
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conductor, like ſome of the inferior pieces of 
charcoal. 

Another piece of pyrites, which has been part 
of a regular ſphere, conſiſting of a ſhining me- 


tallic matter, will not conduct near ſo well, 


though much better than any other ſtony ſub- 
ſtance. It is a medium betwixt a ſtone and 
an ore. 

Black-lead in a pencil conduQts a ſhock ſeem- 
ingly like metal or charcoal. A ſmall lump of 
it takes as full and ſtrong a ſpark from the 
prime conductor as a braſs knob. 


4. Metals and Ores. 


A piece of gold ore from Mexico is hardly to 
be diftinguiſhed in this reſpect from the metal 
itſelf. | 

A piece of ſilver ore from Potofi, though 
mixed with pyrites, conducts very well. 

Two pieces of copper ore, one the moſt va- 


luable that is known, and another of only half 
the value, are hardly to be diſtinguiſhed from 


one another in their conducting powers, 
Lapis-hæmatites conducts pretty well. 
Black-ſand from the coaſt of Africa, which 
is a good iron ore, and part of which is affected 
by the magnet as much as ſteel filings, is found 
| d 
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to conduct electricity, but not a ſhock. Sepa- 
rating with the magnet all that will be eaſily 
attracted by it, it conducts a ſhock very well: 
the reſt would hardly conduct at all. 

The ores in which the metal is mineralized 
with ſulphur or arſenic, as the ores of lead, tin, 
and cinnabar, the ore of quickſilver, are little 
inferior to gold and ſilver ore. 

Ores that contain nothing but the earth of 
the metal, conduct electricity little better than 
other ſtones. | 

Lead, tin, iron, braſs, copper, filver, and gold. « 


5. Fluids. 


The fluids of an animal body. 

All fluids, excepting air and oils, | 

Fluids appear, in general, to be better cons 
ducors in proportion as they contain leſs in- ö 
flammable matter. 

Mr. 'Cavendiſh has ſhewn, that iron wire 
conducts about four hundred millions of times 
better than rain or diſtilled water; i. e. the 
electricity mects with no more reſiſtance, in 
paſſing through a piece of iron wire four hun- 
dred million inches long, than through a column 
of water of the ſame diameter only one inch 
long. * | | 
/ Sea 
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Sea water, or a ſolution of one part of ſalt in 
thirty of water, conducts an hundred times, and 
a ſaturated ſolution of ſea ſalt ſeven hundred and 
twenty times better than rain water. 

The effluvia of flaming bodies. 
Snow, ſmoke, the vapour of hot water, the 
vacuum produced by an air pump, charcoal, &c. 


ELECTRIC Bopits. 


Amber, jet, pitch, and ſulphur ; likewiſe all 
the precious ſtones, as diamonds, rubies, gar- 
nets, topazes, hyacinths, chryſolites, emeralds, 
ſapphires, amethyſts, opals, and eſpecially tour- 
malins; all reſins and reſinous compounds, wax, 
filk, cotton; all dry animal ſubſtances, as fea- 
chers, wool, hair, paper, &c. White ſugar, _ 
air, oil, chocolate, calxes of metals, dry vegeta- 
bles, &c. 

I do not know whether it is altogether proper 
to add to this liſt of electrics, the torpedo and 
Surinam eel, living electrics, whoſe electricity 
is put in action by the will of the animal. 

The real and intrinſic difference between elec- 
trics and non- electrics, remains among the elec- 
tric deſiderata; for nothing more is aſcertained, 
than that the conducting power, in ſome mea- 
fure, depends upon, or is governed by heat. 


Glaſi, 
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Glaſs, reſin, and many other articles, are made 
conduQtors by heat; while on the contrary, cold, 
if not attended with moiſture, renders every 
electric ſubſtance more electric. Ice, cooled to 
13* below © of Fahrenheit's thermometer, be- 
comes a non-conductor. 

Mr. Achard, of Berlin, has publiſhed, in 
Rozier's Journal de Phyſique, a very ingenious 
paper on this ſubject; in which he proves, by 
experiment, 1ſt, That certain Mrumſtances 
will cauſe a body to conduct electricity, which 
before was a non-conductor. 2d, That theſe 
circumſtances are the degrees of heat to which 
the body is ſubjected. There is certainly reaſon 
to ſuppoſe, that the diſpoſition in metals to 
conduct electricity, depends on the ſtate of fire 
within them, and that there is a certain degree 
of heat at which a given body may be at the 
medium, between perfect conducting and non- 
conducting; and that condudtors are bodies 
whoſe electric ſtate does not appear but in a 
degree of cold below the uſual ſtate of our at- 
moſphere ; and that electrics, to be rendered 
conductors, require a degree of heat much above 
the uſual ſtate of the air with us. 


A List 
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A Lisr or Erzctric SupsTANCEs, AND or 
THE DIFFERENT ELECTRICITIES PRODUCED 


BY THEM. 


The back of a cat Poſitive 4 Every ſubſtance with which 
ii it has been hitherto tried, 


Every ſubſtance hithefto 
Smooth glaſs Poſitive < tried, except the back of 
| a cat. 


* oiled filk, ſulphur, 
12. : 
{ Woollen cloth, quills, wood, 


Negative 0 paper, ſealing· wax, white 
Ws wax, the human hand, 


ſe Poſitive Amber, air.“ 
| 
U 


Poſitive 
Rough glaſs 


Tourmalin g 
Negative Diamond, human hand. 
W Metals, filk, load ſtone, lea- 
itive 1 ther, the hand, paper, baked 
Hare's {kin TSP 
* Other fine furs, 
* bo ſilk, metals, black 
oſitive 
White filk ang , 
Negative jr, hand, hair, * 
| {kin, 


i. e. By blowing with a pair of bellows upon it. By 
this means many electrics may be excited, and ſome better 
if the air blown is hot, although, in both caſes, very title 


eleQticity can be obtained. | 
Black 


W 
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[ Poſitivs Sealing wax. 


Black filk < are's, weaſel's, and ferret's 
| N egative {kins, loadſtone, braſs, filyer, 
U iron, the hand. 


Poſitive Metals, 
{ Hare's, weaſel's, and ferret's 


Seal; | 
OT I Negative 0 ſkins, hand, leather, wool- 
0 len cloth, paper. 
poſive Silk. 


Baked wood Negative Flannel, 


* 

Many circumſtances, apparently trifling, will 
occaſion an alteration in theſe contrary electrici- 
ties. It has been ſaid, that of two equal ſub- 
ſtances rubbed together, that which ſuffers the 
greateſt friction, or is moſt heated, acquires the 
negative electricity. Though this in many caſes 
holds true, with reſpect to ſilk ribbons, yet 
Mr. Bergman ſays, that if the ribbon A be black, 
it will never become poſitive, unleſs B be black 
likewiſe. With pieces of glaſs the effect is con- 
trary; for, if they are both equal, the piece A, 
which is drawn acroſs the piece B, becomes 
negative; and B, which ſuffers the greateſt 
friction, becomes poſitive. Heating by fire 
produces the ſame effe& as the greater friction. 
If one piece of glaſs be thicker than the other, 
the former becomes poſitive, the latter negative. 
Coloured glafs, even when heated, becomes 

HS negative, 


* 
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negative, if rubbed with common white glaſs. 
If a piece of blue glaſs is rubbed againſt a green 
one, the blue glaſs becomes ſtrongly poſitive, 
&c. Bergman, Swediſh Tran. 1765. 

The electricities produced by hair and glaſs 
rubbed together ſeem to ballance each other, and 
are therefore different according to the manner 
of rubbing and the-quality of the hair. 

Hair of a living animal, or hair newly cur, 
when rubbed with a glaſs tube lengthways, is 
poſitive; and here, the glaſs, which ſuffers the 
greateſt friction, is negative. But if the glaſs 
tube be drawn acroſs the animal's back, or 
acroſs a ſkain of hair newly cut, the glaſs be- 
comes poſitive. Old dry hair, rubbed on glaſs 
or on living hair, always becomes negative; but 
if the hair is a little greaſed with tallow, the 
ſame effect is produced as with living hair. 
Wilke, Swed. Tran. 1769. 

Electrics differ from each other with reſpect 
to the facility with which they are excited, their 
force when excited, and the power with which 
they retain the effects of the excitation. 

Silk ſeems preferable to any other electric 
ſubſtance, for exhibiting a permanent and ſtrong 
attractive and repulſive power. 

Glaſs appears to have the advantage in exhi- 
biting the electric light, attraction, and repulſion 


in s 


— — 
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in quick ſucceſſion, in a very vigorous, though 

not a durable manner. 
Negative electrics, as amber, gum-lac, ſul- 

phur, reſin, and all reſinous ſubſtances, exhibit 


the electric appearances for the greateſt length 
of time. A ſingle excitation is ſufficient to 


make them do ſo for many weeks, in favourable 
circumſtances. They are alſo remarkable for 
the ſtrong electric powers which they commu- 
nicate to conducting bodies that come in contact 
with them, and which they will continue to 
communicate for a conſiderable time. 


It may be proper to obſerve here, that the | 


two claſſes of electrics and non- electrics are not 
ſo ſtrongly marked by nature as to enable the 
electrician to arrange every ſubſtance with pro- 
priety : hence the ſame ſubſtance has been 
placed by different writers in a different claſs. 
Beſides this, the electric properties of the ſame 
ſubſtance vary on a change of circumſtances ; 
thus a piece of green wood is a conductor; the 
ſame piece, after it has been baked, becomes a 
non-conductor ; charred and formed into char- 
coal, it again conducts the electric fluid ; but 
when reduced to aſhes, is impervious to It ; 


but further, the diſtinctions themſelves are very 


improper, as every ſubſtance is to a certain 


degree a conductor of this fluid. 
8 E 2 bat 


.* 


8 
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What is Hedlricig ? 


That electricity is real matter, and not a mere 
property, is evident from a variety of circum- 


ſtances. When it paſſes between bodies, it di- 


vides the air, and puts it into thoſe undulations 
which gives us the idea of ſound. It emits the 
rays of light in every direction, and thoſe rays 
are variouſly refrangible and colorific, as other 
light is: and, if light is acknowledged to be 
matter, it is contrary to reaſon and experience, 
that the thing which emits it ſhould not like- 
wiſe be material; neither are the other ſenſes 
unaffected at it's preſence : it's ſmell is ſtrongly 
phoſphoreal or ſulphureous. The ſenſe of feel- 
ing is a witneſs of it's preſence, not only from 
the ſparks which, when received from the con- 
ductor of a powerful machine, are pungent, and 
will paſs through two or three perſons ſtanding 
on the ground, but alſo from the ſhock. A 
ſtream of electric matter has alſo evidently a 
ſubacid taſte, ; 

Though the electric fluid has been known 
and ſtudied for many years, we are altogether 
ignorant of it's real eſſence and nature; to me 
it ſeems probable, that it is fire or light con- 
nected with ſome terreſtrial baſe : the analogies 
between the action of electricity and fire are very 

ſtriking ; 


* 


— — 
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ſtriking; ſome of theſe I ſhall point out in the 
words of two able philoſophical writers. Fire, 
ſays Mr. Jones, is divided into three forts, /olar, 
culinary, and elementary; the ſolar is that fire 
which reſides in the orb of the ſun, as in it's 
reſervoir or fountain, and proceeds from it in 
the form of light. The culinary is that fire 
which is kindled upon earth by artificial means, 
and burns in any fort of fuel. The elementary, 
is that ſubtil fluid which reſides conſtantly in 
all groſs bodies, and is not neceſſarily diſtin- 
guiſhed by it's heat as culinary fire, by it's light 
as ſolar or ſidereal fire, but is known by other 
effects, even in a cold inviſible ſtate. 

If it be true, that natural effects are not to 
be aſcribed to many different means or agents, 
where fewer will ſuffice, theſe three ſhould be 
conſidered as one and the ſame fluid, becauſe 
they have the ſame properties and the fame 
effects. The /olar fire will burn in fuel, and 
act in ſolid matter with greater effect than the 
moſt violent fire of a furnace. The culinary fire 
will promote vegetation, and ripen fruits like 
the ſun. The elemenlary, or electric fire, will 
light a candle and fire gunpowder, like the 
culinary; will afford a ſpectrum of the ſeven 
primordial colours in common with the ſolar 


rays, or the light of an ordinary fire; and will 
E 3 throw 
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throw metals into fuſion with a violent ſcorch- 
ing heat. Fire is brought into action by fric- 
tion, as well as electricity. Fire dilates all 
bodies. The electric fluid has alſo a dilating 
power, which is evident from it's action on a 
thermometer, though, in general, the force 
with which bodies cohere together is greater 
than the dilating power of electricity. 

Fire promotes and accelerates vegetation as 
well as germination. Electricity, whether poſi- 
tive or negative, does the ſame. 

Electricity, as well as fire, accelerates eva- 
poration. 

Fire and electricity accelerate the motion of 
the blood.* Leſt fear, conſtraint, or atten- 
tion to the experiment, might accelerate the 
pulſe, and thus be attributed to electricity, Mr. 
Achard made the experiment on a dog when 
aſleep, and always found, that the number of 
pulfations was increaſed when the animal was 
electrified. 

The experiment made by Mr. Achard on the 
eggs of a hen, and by others on the eggs of 
moths, proves that electricity, as well as heat, 
favours the developement of thoſe animals. The 


electric 


* This poſition has been much controverted, and it 


ſeems clear, from modern experiment, that ſimple eleftri- 
city does not accelerate the pulſe, 
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electric fluid, in common with fue, will throw 
metals into fuſion. 

If ſubſtances, with equal degrees of heat, 
touch each other, the heat is diffuſed uniformly 
between them. In the ſame manner, if two 
bodies with unequal degrees, or different kinds 
of electricity, touch each other, an equilibrium 
will be eſtabliſhed. 

If bodies of different kinds, and of equal de- 
grees of heat, are placed in a medium of a dif- 
ferent temperature, they will all acquire, at the 
end of a certain time, the ſame degree of heat. 
There is a conſiderable difference, however, in 
the ſpace of time in which they acquire the tem- 
perature of the medium : ex. gr. metals take leſs 
time than glaſs, to acquire or loſe an equal de- 
gree of heat. | 

On an attentive examination of the bodies 
which receive and loſe their heat ſooneſt, when 
they are placed in mediums of different tempe- 
rature, they will be found to be the ſame which 
receive and loſe their electricity with the greateſt 
facility. Metals, which become warm or grow 
cool the quickeft, are the ſubſtances which re- 
ceive and part with their electricity ſooneſt. 
Wood, which requires more time to be heated 
or cooled, receives and loſes electricity ſlower 
than metals. Laſtly, glaſs and reſinous ſub- 

E 4 ſtances, 
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ſtances, which receive and loſe flowly the elec- 
tric fluid, acquire with difficulty the tempera- 
ture of the medium which ſurrounds them. 

If one extremity of an iron rod be heated red- 
hot, the other extremity, though the bar is ſe- 
veral feet long, will become ſo warm in a little 
time that the hand cannot hold it; becauſe the 
iron conduats heat readily; but a tube of glaſs, 
only a few inches long, may be held in the hand, 
even while the other end is melting. The elec- 
tric fluid, in the ſame manner, paſſes with great 
velocity from one end of a rod of iron to the 
other; but it is a conſiderable time before a 
tube of glaſs, at one end of which an excited 
electric is held, will give electric ſigns at the 
other. | | 

Theſe obſervations prove, that ſeveral bodies 
that receive and loſe with difficulty their actual 
degree of heat, receive and loſe alſo with diffi- 
culty their electricity. To determine if this law 
is general, and what are the exceptions to it, 
will require a variety of experiments. 


ExPeRIMENT VII—ſhbews us that the electric 
powers may be put in action by heat and cold. It 
was originally made by Mr, Canton, He pro- 
cured ſome thin glaſs balls, of about an inch 
and a half diameter, with ſtems or tubes, about 


eight 


— 


e 
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eight or nine inches in length, and electrified 
them, ſome poſitively on the inſide, others ne- 
gatively, and then ſcaled them hermetically ; 
ſoon after he applied the naked balls to his 
electrometer, and could not obſerve the leaſt 
ſign of their being electrical; but holding them 
at the fire, at the diſtance of five or ſix inches, 
they became ſtrongly electrical in a ſhort time, 
and more ſo when they were cooling. Theſe 
balls would, cvery time they were heated, give 
the electric power to, or take it from other 
bodies, according to the plus or minus ſtate of 
it within them. Heating them frequently di- 
miniſhed their power, but keeping one of them 
under water a week did not in the leaſt impair 
it. The balls retained their virtue above ſix 
years. | 


The tourmalin and many other precious 
ſtones are alſo known to acquire electricity by 
heat. The tourmalin has always at the ſame 
time a poſitive and negative electricity; one 
ſide of it being in one ſtate, the other in the 
oppoſite. Theſe powers may be excited by 
friction and by heat; nay, even by plunging it 
in boiling water. 


EXPERIMENT vill, —ſhewing the ation of the 
electric fluid n a thermometer. Inſulate a ſen- 
- ſible 
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fible mercurial thermometer, and place the bulb 
betwcen two balls of wood, one affixed to the 
conductor, the other communicating with 'the 
ground, and the electric fluid, in paſſing be- 
tween the two balls, will raiſe the mercury in 
the thermometer confiderably. With a cylinder 
of about ſeven inches and a half in diameter, 
the fluid paſſing from a ball of lignum vitæ to 
a ball of beech, and thence to the ground, ele- 
vated the quickſilver in the thermometer, from 
68® to 1109, repeatedly to 105% The thermo- 
meter was raiſed from 68® to 85, by the fluid 
paſſing from a point of box to a point of lig- 
num vitæ; from 67 to 100®, from a point of 
box to a ball of box; from 66 to 100%, from 


a ball of box to a braſs point; from 69® to 
100®, from ball to ball; the bulb of the ther- 


mometer covered with flannel. 
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Or Tus ELECTRICAL MacnNE; with DIREC= 
TIONS FOR EXCITING ir. 


S ſoon as the properties of electricity were 
in ſome meaſure developed, the philoſo- 
pher and the artiſt concurred in contriving and 
executing a variety of machines to excite and 
accumulate this extraordinary agent. The 
greater part of theſe have been laid aſide, in 
proportion as the ſcience advanced, and it's 
boundaries were extended. I ſhall, therefore, 
only deſcribe that electric machine which is 
now in general uſe, whoſe conſtruction is ſimple, 
and well adapted to produce the electric fluid 
in great quantities, and tranſmit it in full and 
continued ſtreams to the prime conductor. 
That the operator may ſucceed in producing 
this effect, I ſhall firſt enumerate thoſe parts of 
the machine which require moſt attention ; then 
deſcribe the machine itſelf, and afterwards give 
inſtructions to enable him to excite it power- 
fully. 
The following are the parts of an electrical 
machine, which fall more immediately under 


the care of the electrician, 
1. The 
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1. The electric, or the glaſs cylinder, which 
is to be excited. 

2. The mechanical contrivances by which 
the electric is put in motion. 

3. The cuſhion and it's appendages. 

4. The conductor or conductors. 

Fig. 8, plate I, and the figure in the frontiſ- 
piece, repreſent two electrical machines made 
on the moſt approved conſtruction. They are 
both mounted and uſed in the ſame manner, 
and differ only in the mechaniſm by which the 
cylinder is put in motion. 

The cylinder of the machine, in the frontiſ- 
piece, is turned round by means of the two 
wheels ab, cd, which act on each other by a 
catgut band. 

The cylinder of the machine, which is repre- 
ſented in fig. 8, is put in motion by a ſimple 
winch, which 1s leſs complicated than the mul- 
tiplying wheel, and therefore not ſo liable to be 
out of order.“ Many practical electricians, 
however, prefer a machine which is moved by a 
multiplying wheel, as it fatigues the operator 
leſs than that which is moved by a ſimple winch; 
while at the ſame time a moderate increaſe of 

velocity 


It is eaſier to manage, and may, in proportion to it's 
* fize, be more powerfully excited than thoſe with a multi- 
plying wheel. 


; 
f 


— 


AN ESSAY ON ELECTRICITY. 61 


velocity in the cylinder is thought by ſome to 
augment the momentum of the electric fluid, 
and produce a greater quantity of it in the ſame 
time; and that, when the machine is fixed to 
a table, the poſition of the lower multiplying 
wheel is more advantageous to the operator, giv- 
ing him a greater power over the cylinder, and 
fatiguing him leſs: it may alſo be turned with 
the right hand, which cannot be done conve- 
niently with the other.* 

As the two machines, which are repreſented 
in the plates, are nearly ſimilar, the ſame letrers 
of reference are uſed in deſcribing them. 

ABC repreſent the bottom board of the 


machine. 


D and E, the two perpendicular ſupports, 
which ſuſtain or carry the glaſs cylinder FG 
1 | | 

The axis of the cap K paſſes through the fap- 
port D; on the extremity of this axis either a 
ſimple winch is fitted, or a pulley. 

The axis of the other cap runs in a ſmall hole 
which is made in the top of the ſupport E. 

OP is the glaſs pillar to which the cuſhion is 
fixed, T a braſs ſcrew at the bottom of this 
pillar, which is to regulate the preſſure of the 

| cuſhion 


* It may be proper to remark, that thoſe with a fimple 
winch are cheaper than thoſe with a multiplying wheel. 
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cuſhion againſt the cylinder. This adjuſting 
ſcrew is peculiarly advantageous. By it the 
operator is enabled to leſſen or increaſe gra- 
dually the preſſure of the cuſhion, which it 
effects in a much neater manner than it is poſ- 
ſible to do when the inſulating pillar is fixed on 
a ſliding-board. 

gi, a piece of filk that comes from the 
under edge of the cuſhion, and lies on the 
cylinder, paſſing between it and the cuſhion, till 
it nearly meets the collecting points of the con- 
ductor. 

Y Z, repreſents the poſitive prime conduc- 
tor, or that which takes the electric fluid im- 
mediately from the cylinder, L M the glaſs 
pillar by which it is ſupported and inſulated, 
and V X a wooden foot or baſe for the glaſs 
pillar. In general, electrical machines are ſold 
with a ſingle conductor ; though there are many 


experiments where two are convenient, and from 


ſome improvements lately made in the appara- 


tus, they are rendered exceeding proper for ex- 


perimental inquiries. 


DIRECTIONS FOR KEEPING THE MACHINE IN 
p ORDER. 


Before the electrical machine is put in mo- 
tion, examine thoſe parts which are liable to 


wear 


5 
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wear cither from the friction of one ſurface 
againſt another, or to be iqjured by the dirt, 
that may inſinuate itſelf between the rubbing 
ſurfaces. 

If any grating or diſagreeable noiſe is heard, 
the place from whence it. proceeds muſt be diſ- 
covered, wiped clean, and rubbed over with a 
ſmall quantity of tallow : a little ſweet oil or 
tallow ſhould alſo be occaſionally applied to the 
axis of the cylinder. 

The ſcrews that belong to the frame ſhould 
be examined, and if they are looſe, they ſhould 
be tightened. 

The different working parts of the machine 
having been looked into, and put in order, the 
glaſs cylinder, and the pillars which ſupport the 
cuſhion and conductor ſhould be carefully wiped 
with a dry warm old filk handkerchief, to free 
them from the moiſture which glaſs attracts 
from the air, being particularly attentive to 
leave no moiſture on the ends of the cylinder, 
as any damp on theſe parts carries off the elec- 
tric fluid, and leſſens the force of the machine. 
In very damp weather it will be proper to dry 
the whole machine, by placing it before, but 
alſo at ſome diſtance from the fire. 

Take care that no duſt, looſe threads, or fila- 
ments, adhere to the cylinder, it's frame, the 

conductors, 
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conduQors, or their inſulating pillars; becauſe 
theſe will gradually diffipate the electric fluid, 
and prevent the machine from "_ power- 
fully. 
Rub the glafs cylinder firſt with a clean, 
coarſe, dry, warm cloth, or a picce of waſh 
leather, and then with a piece of dry, warm, 
ſoft ſilk; do the fame to all the glaſs inſulating 
pillars of the machine and apparatus; theſe 
pillars muſt be rubbed more lightly than the 
cylinder, becauſe they are varniſhed. 

A hot iron may in ſome caſes be placed on the 
foot of the conductor, to evaporate the moiſture 
which would otherwile i injure the experiments, 


Or THE CIRCUMSTANCES NECESSARY TO BE Ar- 
TENDED TO, IN ORDER TO EXCITE A LARGE 
QUANTITY OF THE ELEecTric Fru. 


In order to find out an effe&tual mode of ex- 
citing powerfully an electrical machine, it is 
neceſſary to frame ſome idea of the mechaniſm 
by which the cylinder extracts the electric fluid 
from the cuſhion, and thoſe bodies which are 
connected with it ; I have, therefore, ſubjoined 
. thoſe conjectures on which I have worked, and 
by which I have been able to excite, in the moſt 


powerful manner, the machines which have 
paſſed 


* 


AN ESSAY ON ELECTRICITY.oÞ 65 


paſſed through my hands; ſetting out on this 
ſuppoſition, that the friction is between an 
electric and non-electric, and that the circum- 
ſtances are the moſt favourable when theſe are 
the moſt perfect of their kind. 

It is probable, that the reſiſtance of the air 
is leiſened, or a kind of vacuum is produced, 
where the cuſhion is in cloſe contact with the 
cylinder ; that the electric matter, agreeable to 
the law obſerved by all other elaſtic fluids, is 
preſſed towards that part where it finds leaſt re- 
ſiſtance: the ſame inſtant, therefore, that the 
cylinder is ſeparated from the cuſhion, the fire 
iſſues forth in abundance, becauſe the reſiſtance 
made to it by the aQion of the atmoſphere is 
leflencd at that part. A further circumſtance is 
alſo to be taken into this hypotheſis, namely, 
the effect which ariſes from the deſtruction of 
the attraction or coheſion between the cylinder 
and cuſhion. The more perfect the continuity 
is made, and the quicker the ſolution of it, the 
greater is the quantity which will proceed from 
the cuſhion. But, as the fluid in this ſituation 
will enter with avidity every conducting ſub- 
ſtance that is near it, if any amalgam lies above 
that part of the cuſhion which is in contact with 
the cylinder, it will abſorb and carry back part 
of the electric fire to the reſervoir from, whence 
it was extracted. 


F If 
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If theſe conjectures be true, to excite an elec- 
trical machine effectually, we muſt, | 

1ſt, Find out thoſe parts of the cuſhion which 
are preſſed by the glaſs cylinder. 

2d, Apply the amalgam only to thoſe parts. 

3d, Make the line of contact between the cy- 
linder and cufhion as perfect as poſſible. 

4th, Prevent the fire that is ene from 
eſcaping. 1 

About the year 1772, I applied a looſe flap 
of leather to the front of the cuſhion ; the amal- 
gam was fpread over the whole of the flap; the 
cuſhion was then put in it's place, and the looſe 
flap of leather doubled down, or rather turned 
in more or leſs, till by fucceſſive experiments 
that ſituation was difcovered which produced 
the greateſt effect; for, by. this means, the 
quantity of amalgam acting againſt the cylinder 
was leſſened, and the true line of contact in 
ſome meafure aſcertained. Hence I was na- 
turally led to contract the breadth of the 
cuſhion, a circumftance which has been fince 
univerfaly adopted by all electricians; and thus 
much of the trouble, to which we were E 
obliged to fubmit, is done away. | 

The amalgam is to be placed on that part of 
the filk flap which bears againſt the cuſhion, 
the cylinder is to be rubbed with a piece of 

| teather 


-% 
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leather which is covered with amalgam, which 

will render the contact between the cylinder 
and cuſhion more perfect, becauſe it fills the 
ſmaller pores of the glaſs with amalgam, and 
depoſits the ſuperfluous particles on the cuſhion, 

When the cylinder is rubbed with the amalga- 

mated leather, that part of the oil, or black ſilk, 
which lies above the cuſhion, is to be turned 

back, and if, by accident, any particles of amal- 
gam ſtick to it, they muſt be wiped off care- 
fully.“ If the machine has not been uſed for 

ſome time, it will be proper to place it, for a 
few minutes, before a fire, and to take off the 

cuſhion and dry the ſilk thereof. 

If the electricity of the cylinder grows leſs 
powerful, it is eaſily renewed by rubbing the 
cylinder with the amalgamated leather, or by 
occaſionally altering the ee of the ad juſting 
ſcrew, 

A very ſmall quantity of tallow hioal over 
the amalgam, is obſerved to give more force to 
the electric powers of the cylinder; the ſame end 

is anſwered by rubbing the cylinder with a 

coarſe cloth that has been greaſed a little, and 


afterwards wiping the cylinder with a clean 
cloth. 


* F 2 g | ExpRL- 
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 ExPERIMENT Ix.— When the cylinder is put 
into good action, a number of circular lines of 
fire will iſſue from the cuſhion; preſent a row of 
metallic points towards theſe, and they will diſ- 
appear. This experiment ſhews, the conducting 
ſubſtance collects the electric fluid before it can 


take thoſe appearances, or be diſſipated into the 
air. 


Hence we learn, that to prevent a loſs of the 
electric fluid which is excited, we muſt, prevent 
the air from acting on the fluid, which is put in 
motion by the excitation; becauſe the air not 
only reſiſts the emiſſion of the fluid, but alſo 
diſſipates what is collected on account of the con- 
ducting ſubſtances, which are continually float- 
ing in it. | 

Theſe ends are effectually anſwered by letting 
a non- conducting ſubſlance, as a piece of black 
or oiled filk, proceed from the line of contact ti 
the collecting points of the prime conductor, and 
placing theſe points within it's atmoſphere. The 
ſtreams of fire, which proceed from the cuſhion 
over the cylinder, ſhew whether the cuſhion 
bears uniformly againſt the cylinder; for they are 
moſt copious and denſe at thoſe parts where the 
prefſure is greateſt, but are uniformly denſe, when 
the preſſure is equable. * 

| When 
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When the zinc amalgam is uſed, the ſilk will 


| ſometimes adhere ſo ſtrongly to the cylinder as 


to render it very difficult to turn: to obviate this, 
wipe the filk perfectly clean, and then rub it over 
with a very ſmall quantity of aurum muſivum, or 


A little whiting. 


The operator ought not to think his machine 
in good order till it pours forth the fire in great 
abundance, and ſtrong denſe ſparks are obtained 
in quick ſucceſſion from the conductor. When 
the conductor is removed, the fire ſhould ſprinkle 
round the cylinder, and throw out many beauti- 
ful bruſhes of light. 

Two kinds of amalgam are much in requeſt 
at preſent. One is made of quickfilver five 
parts, zinc one part, which are melted together 
with a ſmall quantity of bees-wax ; the other 1s 
the aurum muſivum of the ſhops. To make 
either amalgam adhere cloſely to the ſilk, it is 
neceſſary to greaſe it, wipe off the ſurperfluous 


greaſe, and then ſpread the amalgam. 


The following experiment ſeems to illuſtrate 
and confirm the foregoing conjectures on the 
mechaniſm by which the fluid is extracted from 
the cuſhion, and thoſe bodies which are con- 
nected with it. 


_ — 


EKxrrahirxvr x.—On the Het of a folutidn 
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of continuity. Break a ſtick of ſcaling wax in 
two pieces; thoſe extremities that were con- 
tiguous will be found electrified with contrary 
powers; one will be poſitively, the other _ 
tively, electrified, 


Since the laſt edition of this work, Mr. N- 


cholſon has made many experiments on the nature 
of excitation, and on the moſt efficacious me- 
thods of exciting an electric machine powerful. 
ly; they were communicated to the Royal Soci- 


ety, and read before them, June 25, 1789, and 


have ſince been publiſhed in the Philoſophical 
Tranſactions : I have therefore thought it a duty 
to add them to this edition of the work, as con- 
taining much important matter. 


EXPERIMENTS AND OBSERVATIONS ON THE Ex- 
. CITATION OF ELECTRICITY, BY WILLIAM 
N1cHOLSON, | 4 


On the Excitation of Elæliricity. 


1, A glaſs cylinder was mounted, and a 
cuſhion applied with a filk flap, proceed. 
ing from the edge of the cuſhion over it's ſur. 
face, and thence half round the cylinder. 
The cylinder was then excited by applying an 
amalgamed leather in the uſual manner. The 
| hs 2 
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electricity was received by a conductor, and 
paſſed off in ſparks to Lane's electrometer. By 
the frequency of theſe ſparks, or by the number of 
turns required to cauſe the ſpontaneous exploſion of a 
jar, the ſtrength of the excitation was aſcertained. 

2, The cuſhion was withdrawn about one 
inch from the cylinder, and the excitation per- 
formed by the filk only. A ſtream of fire was 
ſeen between the cuſhion and the filk; and much 
fewer ſparks paſſed between the balls of the. 
electrometer. 

3. A roll of dry ſilk was interpoſed, to pre- 
vent the ſtream from paſſing between the cuſh- 
ion and the ſilk. Very few ſparks then appeared 
at the electrometer. 

4. A metallic rod, not inſulated was then in- 
terpoſed, inſtead of the roll of ſilk, ſo as not to 
touch any part of the apparatus. A denſe. 
ſtream of electricity appeared between the rod 
and the ſilk, and the conductor gave very many 
ſparks. | 

5. The knob of a jar being ſubſtituted in the 
place of the metallic rod, it became charged 
negatively. 

6. The filk alone, with a piece of tin-foil ap- 
plied behind it, afforded much electricity, 
though leſs than when the cuſhion was applied 
with a light preſſure. The hand, being applied 

% Faq to 
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to the filk as a cuſhion, produced a degree of 
excitation ſeldom equalled by any other cuſhion. 
7. The edge of the hand anſwered as well as 


the palm. 
8. When the excitation by a cuſhion was 


weak, a line of light appeared at the anterior 
part of the cuſhion, and the filk was ſtrongly 
difpoſed to receive electricity from any uninſula- 
ted conductor. Theſe appearances did not ob- 
tain when the excitation was by any means 
made very ſtrong. 

9. A thick ſilk, or two or more folds of ſilk, 
excited worſe than a ſingle very thin flap. The 
ſilk which the milleners call Perſian was uſed. 

10. When the ſilk was ſeparated from the 
cylinder, ſparks paſſed between them; the ſilk 
was found to be in a weak negative, and the 
cylinder in a poſitive ſtate. 

The foregoing experiments ſhew, that the of- 
fice of the ſilk is not merely to prevent the re- 
turn of electricity from the cylinder to the cuſh- 
ion, but that it is the chief agent in the exci- 
tation; while the cuſhion ſerves only to ſupply 
the electricity, and perhaps increaſe the preſſure 
at the entering part. There likewiſe ſeems to 
be little reaſon to doubt but that the diſpoſition 


of the electricity to eſcape from the ſurface of 


the cylinder is not prevented by the interpoſi- 
9 tion 
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tion of the ſilk, but by a compenſation after the 
manner of a charge; the filk being then as 
ſtrongly negative as the cylinder is poſitive : * 


and, laſtly, that the line of light between the 


ſilk and cuſhion in weak excitations does not 
conſiſt of returning electricity, but of electricity 
which paſles to the cylinder, in conſequence of 
it's not having been ſufficiently ſupplied, during 
it's contact with the rubbing ſurface. 

11. When the excitation was very ſtrong in 
a cylinder newly mounted, flaſhes of light were 
ſeen to fly acroſs it's inſide, from the receiving 
ſurface to the ſurface in contact with the cu- 
ſhion, as indicated by the bruſh figure. Theſe 
made the cylinder ring as if ſtruck with a bundle 
of ſmall twigs. They ſeem to have ariſen from 
part of the electricity of the cylinder taking the 
form of a charge. This appearance was ob- 
ſerved in a nine-inch and a twelve-inch cylin- 
der, and the property went off in a few weeks. 
Whence it appears to have been chiefly occa- 
ſioned by the rarity of the internal air produced 
by handling, and probably reſtored by gradual 
leaking of the cement. 

12. With a view to determine what happens 


in the inſide of the cylinder, recourſe was had 
©. 


»The powers are always ſeparated in excitation. See 
Eelles's ſyſtem, G, A, 
| * 
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to a plate machine. One cuſhion was applied 


with it's ſilken flap. The plate was nine inches 
in diameter, and two-tenths of an inch thick. 
During the excitation, the ſurface oppolite the 
cuſhion ſtrongly attracted electricity, which it 
gave out when it arrived oppoſite the extremity 
of the flap. So that a continual ſtream of elec- 
tricity paſſed through an inſulated metallic bow 
terminating in balls, which were oppoſed, the 
one to the ſurface oppoſite the extremity of the 
filk, and the other oppoſite the cuſhion ; the 
former ball ſhewing a poſitive, and the latter 
negative ſigns. The knobs of two jars being 
ſubſtituted in the place of theſe balls, the jar, 
applied to the furface oppoſed to the cuſhion, 
was charged negatively, and the other poſi- 
tively. This diſpoſition of the back ſurface 
ſeemed, by a few trials, to be weaker the 
ſtronger the action of the cuſhion, as judged 
by the electricity on the cuſhion fide. 

Hence it follows, that the internal ſurface of 
a cylinder is ſo far from being diſpoſed 1 give 
out elecricily during the fridtion by which the 


external ſurface acquires it, that it even gretdily 


altrafts it. 

13. A plate of glaſs was applied to the re- 
| volving plate, and thruſt under the cuſhion in 
ſych a manner as to ſupply the place of the filk 


flap. 


| 
| 


| 
| 
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flap. It rendered the electricity ſtronger, and 
appears to be an improvement of the plate ma- 
chine; to be admitted if there were not eſſential 
objections againſt the machine itſelf. 

14. Two cuſhions were then applied on the 
oppoſite ſurfaces with their ſilk flaps, ſo as to 
claſp the plate between them. The electricity 
was received from both by applying the finger 
and thumb to the oppoſite ſurfaces of the plate. 
When the finger was advanced a little towards 
it's correſpondent cuſhion, ſo that it's diſtance 
was leſs than between the thumb and it's cu- 
ſhion, the finger received ſtrong electricity, and 
the thumb none; and, contrariwiſe, if the 
thumb were advanced beyond the finger, it re- 
ceived all the electricity, and none paſſed to the 
finger. This electricity was not ſtronger than 


was produced by the good action of one cuſhion 


applied ſingly. 

15. The cuſhion in par. 12, gave moſt int 
tricity when the back ſurface was ſupplied, pro- 
vided that ſurface was ſuffered to retain it's elec- 
tricity till the rubbed ſurface had given 0 out it's 
electricity. 


From the two laſt paragraphs it appears, that 
no advantage is gained by rubbing both ſur- 
faces; but that a well managed friction on one 
ſurface will accumulate as much electricity as 
* e the 
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the preſent methods of excitation ſeem capable 
of collecting; but that when the excitation is 
weak, on account of the electric matter not 
paſſing with ſufficient facility to the rubbed ſur- 
face, the friction enables the oppoſite ſurface to 
attract or receive it, and if it be ſupplied, both 
ſurfaces will paſs off in the poſitive ſtate; and 
either ſurface will give out more electricity than 
is really induced upon it, becauſe the electri- 
city of the oppolite ſurface forms a charge. It 
may be neceſſary to obſerve, that we are ſpeak- 
ing of the facts or eftects produced by friction ; 
but how the rubbing ſurfaces act upon each 
other to produce them, whether by attraction, 
or otherwiſe, is not here the ſubject of inquiry. 
It will hereafter be ſeen, that plate machines 
do not collect more electricity than cylinders 
(in the hands of the electrical operators of this 
metropolis} do with half the rubbed ſurface; 
which is a corroboration of the inference here 
made. | 
16. When a cylinder is weakly excited, the 
appearances mentioned (par, 8.) are more evi- 
dent, the more rapid the turning, In this caſe, 
the avidity of the ſurface of the cylinder be- 
neath the ſilk is partly ſupplied from the edge 
of the ſilk which throws back a broad caſcade 
of fire, ſometimes to the diftance of above twelve 
6 inches. 
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inches. From theſe cauſes it is that there is a 
determinate velocity of turning required to pro- 
duce the maximum of intenſity in the conductor. 
The ſtronger the excitation the quicker may 
be the velocity ; but it rarely exceeds five feet 
of the glaſs to paſs the cuſhion in a ſecond. 

17. If a piece of filk be applicd to a cylin- 
der, by drawing down the ends, ſo that it may 
touch half the circumference, and the cylinder 
be then turned and excited by applying the 
amalgamed leather, it will become very greedy 
of electricity during the time it paſſes under the 
filk. And if the entering ſurface of the glaſs 
be ſupplied with electricity, it will give it out 
at the other extremity of contact; that is to 
ſay, if inſulated conductors be applied at the 
touching ends of the ſilk, the one will give, and 
the other receive, electricity until the intenſities 
of their oppoſite ſtates are as high as the power 
of the apparatus can bring them ; and theſe 
ſtates will be inſtantly reverſed by turning the 
cylinder in the oppoſite direction, 

As this diſcovery promiſes to be of the 
greateſt uſe in electrical experiments, becauſe 
it affords the means of producing either the 
plus or minus ſtates in one and the ſame con- 
ductor, and of inſtantly: repeating experiments 
with either power, and without any change of 

poſition 
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poſition or adjuſtment of the apparatus, it evi- 
dently deſerved the moſt minute examination. 
18. There was little hope (par. 6.) that 
cuſhions could be diſpenſed with. They were 
therefore added; and it was then ſeen, that the 
electrified conductors were ſupplied by the dif- 
ference between the action of the cuſhion which 
had the advantage of the ſilk and that which 
had not; ſo that the naked face of the cylinder 
was always in a ſtrong electric ſtate. Methods 
were. uſed for taking off the preſſure of the re- 
ceiving cuſhion ; but the extremity of the ſilk, 
by the conſtruction, not being immediately 
under that cuſhion, gave out large flaſhes of 
electricity with the power that was uſed. Nei- 
ther did it appear practicable to preſent a row 
of points. or other apparatus to intercept the 
electricity which flew round the cylinder; be- 
cauſe ſuch an addition would have materially 
diminiſhed the intenſity of the conductor, which 
in the uſual way was ſuch as to flaſh into the 
air from rounded extremities of four inches dia- 
-meter, and made an inch and half ball become 
luminous and blow like a point. But the greateſt 
-inconvenience was, that the two ſtates with the 
- backward and forward turn were ſeldom equal; 
becauſe the diſpoſition of the amalgam on the 


filk, produced by applying the leather to the 
48 cylinder 
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cylinder in one direction of turning, was the 
reverſe of what muſt take place when the con- 
trary operation was performed. 

Notwithſtanding all this, as the intenſity with 
the two cuſhions was ſuch as moſt operators 
would have called ſtrong, the method may be 
of uſe, 

19. The more immediate advantage of this 
diſcovery is, that it ſuggeſted the idea of two 
fixed cuſhions with a moveable ſilk flap and 
rubber. Upon this principle, which is fo 
ſimple and obvious, that it is wonderful it 
ſhould have been ſo long overlooked, a machine 
was conſtructed by Mr. N. with one conductor, 
in which the two oppoſite and equal ſtates are 
produced by the fimple proceſs of looſening the 
leather rubber, and letting it paſs round with 
the cylinder (to which it adheres) until it ar- 
rives at the oppoſite fide, where it is again 
faſtened. A wiſh to avoid prolixity prevented 
his deſcribing the mechaniſm by which it is 
let go, and faſtened in an inſtant, at the lame 
time that the cuſhion is made either to preſs or 
is withdrawn, as occaſion requires. 


20. Although the foregoing ſeries of experi- 
ments naturally lead us to conſider the ſilk as 
the chief agent in excitation; yet as this buſi- 
neſs was originally performed by a cuſhion only, 

| : * it 
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it becomes an object of inquiry to determine 
what happens in this caſe. 
21. The great Beccaria * inferred, that in 
a ſimple cuſhion, the line of fire, which is ſeen 
at the extremity of contact from which the ſur- 
face of the glaſs recedes, conſiſts of returning 
electricity; and Dr. Nooth grounded his happy 
invention of the filk flap upon the ſame ſuppo- 
fition. The former aſſerts, that the lines of 
light both at the entering and departing parts 
of the ſurface are abſolurely ſimilar ; and thence 
infers, that the cuſhion receives on the one ſide, 
as it certainly does on the other. Mr. N. finds, 
however, that the fact is directly contrary to this 
aſſertion; and that the oppoſite inference ought 
to be made, as far as this. indication can be 
reckoned concluſive: for the entering ſurface 
exhibits many luminous perpendiculars .to the 
cuſhion, and the departing ſurface exhibits a 
neat uniform line of light. This circumſtance, 
together with the conſideration that the line of 
light behind the filk in par. 8 could not conſiſt 
of returning electricity, ſhewed the neceſſity of 
farther examination. Mr. N. therefore applied the 
edge of the hand as a rubber, and by occaſion- 
ally bringing forward the palm, he varied the 
es quantity 


* Philoſophical TranſaRtions, Vol, LVI. p. 117; 
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quantity of electricity which paſſed near the 
departing ſurface. When this was the greateſt, 
the ſparks at the electromete were the moſt nu. 
merous, But, as the experiment was liable to the 
objection that the rubbing ſurface was variable, 
Mr. N. paſted a piece of leather upon a thin 
flat piece of wood, then amalgamed it's whole 
ſurface, and cut it's extremity off in a neat 
right line cloſe to the wood. This being ap- 
plied by the conſtaat action of a ſpring againſt 
the cylinder, produced a weak excitation, and. 
the line where the contact of the cylinder and 
leather ceaſed (as abruptly as poſſible) exhibited 
a very narrow fringe of light. Another piece 
of wood was prepared of the ſame width as the 
rubber, but one quarter of an inch thick, with 
it's edges rounded, and it's whole ſurface co- 
vered with tin-foil. This was laid on the back 
of the rubber, and was there held by a ſmall 
ſpring, in ſuch a manner as that it could be 
flided onward, ſo as occaſionally to project be- 
yond the rubber, and cover the departing and 
excited furface of the cylinder, without touch- 
ing it. The ſparks at the electrometer were 
four times as numerous when this metallic piece 
was thus projected; but no electricity was ob- 
ſerved to paſs between it and the cylinder, The 

metallic piece was then held in the hand to re- 
ef G gulate 
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gulate it's diſtance from the glaſs; and it was 
found, that the ſparks at the electrometer in- 
_ creaſed in number as it was brought nearer, 
until light appeared between the metal and the 
cylinder, at which time they became fewer the 
nearer it was brought, and at laſt ceaſed when 

it was in contact. 1 
The following conclufions appear to be de- 
ducible from theſe experiments. 1. The line 
of light on a cylinder departing from a ſimple 
cuſhion conſiſts of returning electricity; 2. the 
projecting part of the cuſhion compenſates the 
electricity upon the cylinder, and by diminiſh- 
ing it's intenſity, prevents it's ſtriking back in 
ſuch large quantities as it would otherwiſe do; 
3. that if there were no ſuch compenſation, 
very little gf the excited electricity would be 
carried off; and, 4. that the compenſation is 
diminiſhed, or the intenſity increaſed, in an 
higher ratio than that of the diſtance of the 
compenſating ſubſtance; becauſe if it were 
not, the electricity which has been carried off 
from an indefinitely ſmall diſtance, would never 
fly back from a greater diſtance and form the : 
edge of light. 
22. Mr. N. hopes the conſiderable intenſity 
he ſpeaks of will be an apology for deſcribing 
che manner in which it was produced, wiſhing 
925 the 
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the theory of this very obſcure proceſs were 
better known; but no conjecture is worth 
mentioning. The method is as follows: 

tan the cylinder, and wipe the ſilk. 

Greaſe the cylinder by turning it againſt a greaſed 
leather lill it is uniformly obſcured. The tallow of 
a candle was uſed. 

Turn the cylinder till the ilk flap has wiped off 
Jo much of the greaſe as to render it ſemi-tranſ= 
parent. | 

Put ſome amalgam on a piece of leather, and 
ſpread it well, ſo that it may be unformly bright. 
Apply this againſt the turning cylinder. The fric= 
lion will immediately increaſe, and the leather muſt 
not be removed until it ceaſes lo become greater. 

Remove the leather, and the action of the machine 
will be very ſtrong. 

The rubber, as before obſerved, confiſts of 
the filk flap paſted to a leather, and the cuſhion 
is preſſed againſt the ſilk by a lender ſpiral 
ſpring in the middle of it's back. The cuſhion 
is looſely retained in a groove, and reſts againſt 
the ſpring only, in ſuch a manner, that by a 
ſort of libration upon it as a fulcrum, it adapts 
itſelf to all the irregularities of the cylinder, 
and never fails to touch in it's whole length. 
There is no adjuſtment to vary the preſſure, be- 


cauſe the preſſure cannot be too ſmall when the 
G 2 excitation 
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excitation is properly made. Indeed, the ac- 
tual withdrawing of the cuſhion to the diſtance 
of one-tenth of an inch from the filk, as in 
par. 2. will not materially affect a good exci- 
tation. | 

The amalgam is that of Dr. Higgins, com- 
poſed of zinc and mercury. If a little mercury 
be added to melted zinc, it renders it caſily 
pulverable, and more mercury may be added 
to the powder to make a very ſoft amalgam. 
It is apt to cryſtallize by repoſe, which ſeems 
in ſome meaſure to be prevented by triturating 
it with a ſmall proportion of greaſe: and it 1s 
always of advantage to triturate it before uſing. 

A very ſtrong excitation may be produced by 
applying the amalgamed leather to a clean cy- 
linder with a clean filk. But it ſoon goes off, 
and is not ſo ſtrong as the foregoing, which 
laſts ſeveral days. 

23. To give ſome diſtinctive criterions by 
which other electricians may determine whether 
the intenſity they produce exceeds or falls ſhort 
of that which this method affords, I ſhall men- 
tion a few facts. 

With a cylinder 7 inches diameter, and cuſhion 
8 inches long, three bruſhes at a time conſtantly 
flew out of a three-inch ball in a ſucceſſion too 
quick to be counted, and a ball of 14 inch dia- 

"+ meter 
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meter was rendered luminous, and produced a 
ſtrong wind like a point. A nine-inch cylinder 
with an eight-inch cuſhion occaſioned frequent 
flaſhes from the round end of a conductor 
4 inches diameter: with a ball of 21 inches 
diameter the flaſhes ceaſed now and then, and 
it began to appear luminous: a ball of rz inch 
diameter firſt gave the uſual flaſhes; then, by 
quicker turning, it became luminous with a 
bright ſpeck moving about on it's ſurface, while 
a conſtant ſtream of air ruſhed from it; and; 
laſtly, when the intenſity was greateſt, bruſhes, 
of a different kind from the former, appeared. 
Theſe were leſs luminous, but better defined in 
the branches; many ſtarted out at once with a 
hoarſe ſound. They were reddiſh at the ſtem, 
fooner divided, and were greeniſh at the point 
next the ball, which was braſs, A ball of & 
inch diameter was ſurrounded by a ſteady faint 
light, enveloping it's exterior hemiſphere, and 
fometimes a flaſh ſtruck out at top. When the 
excitation was ſtrongeſt, a few flaſhes ſtruck out 
fideways. The horizontal diameter of the light 
was longeſt, and might meaſure one inch, the 
ſtem of the ball being vertical. 

This laſt phænomenon is ſimilar to a natu- 
ral event related by M. Loammi Baldwin,* who 


* Memoirs of the American Academy, vol. 1, p. 257 · 


EY. | 
86 AN ESSAY ON ELECTRICITY. 


raiſed an electrical kite in July, 1771, during 
the approach of a ſevere thunder-ſtorm, and 
obſerved himſelf to be ſurrounded by a rare 
medium of fire, which, as the cloud roſe nearer 
the zenith, and the kite roſe higher, continued 
to extend itſelf with ſome gentle faint flaſhes. 
Mr. Baldwin felt no other effect than a general 
weakneſs in his joints and limbs, and a kind of 
liſtleſs feeling; all which, he obſerves, might 
poſſibly be the effect of ſurprize, though it was 
ſufficient to diſcourage him from perſiſting in 
any farther attempt at that time. He therefore 
drew in his kite, and retired to a ſhop till the 
ſtorm was over, and then went to his houſe, 
where he found his parents and friends much 
more ſurpriſed than he had been himſelf; who, 
after expreſſing their . aſtoniſhment, informed 
him, that he appeared to them (during the time 
he was raifing the kite) to be in the midſt of a 
large bright flame of fire, attended with flaſh- 
ings; and that they expected every moment to 
ſee him fall a ſacrifice to the flame. The ſame 
was obſerved by ſome of his neighbours, who 
lived near the place where he ſtood. 

- This fact is ſimilar to another obſerved by 
M. de Sauſſure on the Alps, and both are re- 
ferable to my luminous ball with the ſecond 
kind of bruſh, The cloud muſt have been ne- 


gative, 


With 
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With a 12-inch cylinder, and rubber of 74 
inches, a five-inch ball gave frequent flaſhes, 
upwards of 14 inches long, and ſometimes a 
ſix-inch ball would flaſh. I do not mention 
the long ſpark, becauſe I was not provided with 
a favourable apparatus for the two large cylin- 
ders. The 7. inch cylinder affords a ſpark ol 
104 inches at beſt. The g- inch cylinder, not 
having it's conductor inſulated on a ſupport 
ſufficiently high, afforded flaſhes to the table 
which was 14 inches diſtant. And the 12-inch 
cylinder, being mounted only as a model or 
trial for conſtructing a larger apparatus, is de- 
fective in ſeveral reſpects. When the five-inch 
ball gives flaſhes, -the cylinder is enveloped on 
all ſides with fire, which ruſhes from the receiv- 
ing part of the conductor. Points are not uſed, 
"but in a ſimple machine the conductor is 
brought almoſt in contact with the cylinder. 
In this apparatus that cuſhion to which the 
rubber is not applied ſerves that purpoſe. 

24. Theſe marks exhibit the intenſity as de- 
duced from ſimple electrifying. The rate of 
charging was nearly the ſame in all the three 
cylinders. | 

A large jar of 350 ſquare inches, or near 23 
ſquare feet, with an uncoated varniſhed rim, of 


more than four inches in height, was made to 
G4 explode 
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explode ſpontaneouſly over the rim. The jar, 
when broken, proved to be 0.082 inches thick 
on an average; and the number of ſquare feet 
of the ſurface of the cylinder which was rubbed, 
to produce the charge of one foot, was, when 
leaſt, 18,03, and when moſt, with good exci- 
tation, 19.34. The great machine at Harlem 
charges * a ſingle jar of one foot ſquare by the 
friction of 66.6 ſquare feet, and charges it's 
battery of 225 ſquare feet at the rate of 94.8 
ſquare fect rubbed for each foot. The intenſity 
of electricity on the ſurface ofthe glaſs is there- 
fore conſiderably leſs than one-fourth of that 
here ſpoken of; but if we take the moſt favour- 
able number 66.6 at the commencement of 
turning, and halve it on account of the una- 
voidable imperfection of a plate machine, (as 
ſhewn in par. 14.) it will be found, that the 
management applied to. that machine would 
cauſe a cylinder to charge one ſquare foot by 
the friction of 332 ſquare feet. It muſt be ob- 
ſerved, however, that M, Van Marum's own 
machine, conſiſting of two plates, 33 inches 
diameter, has only half the intenfity, though 
he reckons it a very good one, This machine 
| 18 


, To explode from the central wire, which, from ſome 
trials, I find to require leſs force than from coating to coat · 
ing at equal diſtances,. 
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is about equal in abſolute power to my g- inch 
cylinder, with it's ſhort rubber; but it is near 
thirty times as dear in price. In all theſe de- 
ductions the computations are omitted, for the 
ſgke of brevity, and becauſe they are eaſily 
made. The data are found in the deſcription 
of the Teylerian machine, and it's continuation 
publiſhed at Harlem in the years 1785 and 
1787. 

The action of the cylinder, by a ſimple 
cuſhion or the hand, which excited the aſto- 
niſhment of all Europe, in the memory of our 
co-temporaries, was firſt improved by the addi- 
tion of a leather flap; then by moiſtening the 
rubber; afterwards by applying the amalgam z 
and, laſtly, by the addition of a filk flap. Now 
we find, by experiment, that we at preſent ob- 
tain upwards of forty times the intenſity which 
the bare hand produces; and conſequently that, 
fince eighteen times our preſent intenſity will 
equal the utmoſt we can now condenſe on 
ſtrong glaſs even in the form of a charge, we 
have a leſs ſtep to take before we arrive at that 
amazing power, than our immediate predecels 
fors have already made. 
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Aer. V. 


Or Tur FraxkLiNian HyyoTnesrs, On jec- 
TIONS TO THIs HyPoTHEsSIs. EfLts's SysTEM 
PREFERABLE TO THE FRANKLINIAN. 


HE evidence of the external ſenſes is ob- 
viouſly the primary principle from which 
all phyſical knowledge is derived ; but whereas 
nature begins with cauſes, which, after a va- 
riety of changes, produce effects, the ſenſes 
open upon the effects, and from them, through 
the ſlow and painful ad of experiment and 


obſervation, aſcend to cauſes. 


Man appears upon the ſtage of this material 
ſyſtem as upon a viſionary theatre, in which he 
looks only upon the exterior of things, as the 
eye upon a flower that is full blown, or upon an 
inſect in all the pride and beauty of it's colours ; 
without obſerving immediately the different 
ſtages through which they have paſſed, the 
different forms they have aſſumed, the dif- 
ferent changes they have undergone, and with- 
out deſcending to the ſeeds and principles 
from which they ſpring, and which, upon ex- 
amination, will be found totally different both 


in form and colour. In like manner are the 
ſenſes, 
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ſenſes, the ultimate criteria of all phyſical 
knowledge, liable to be impoſed upon and de- 
ceived in regard to the qualities and cauſes, 
the powers and operations, of phyſical body. 

The ſenſes are, therefore, to he aſſiſted by 
various obſervations, taken with diligence and 
circumſpection, and to be undeceived by dif- 
ferent analyſes, which diveſt nature of her ex- 
ternal and compounded form, and lay open her 
internal mechaniſm and conſtruction: their 
errors and miſconceptions are to be cagrected 
by the uſe of experiments of different kinds, 
which penetrate her inmoſt receſſes, and de- 
| ſcend to her remoteſt cauſes. By the applica- 
tion of ſuch aſſiſtance they are enabled, not 
without difficulty, to leave behind the falla- 
cious exterior, to paſs from one appearance to 
another, and, as far as human ſearch can go, 
to judge of the realities of things. 

Nothing, perhaps, has contributed more to 
the eſtabliſhment of truth, and the advance- 
ment- of genuine ſcience, than the tranſition 
from metaphyſical reaſoning to experimental 
philoſophy. Mere conjecture, however plau- 
ſible or fondly embraced at firſt, affording at 
length but little ſatisfaction to the mind, we are 
conſtantly wiſhing for the evidence of facts; 
and finding but few ſpeculative points but what 


are 
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are liable to be controverted, we are obliged to 
feek for demonſtrative proof, by adverting to 
practical inveſtigation.* _ | 
This is eminently true with reſpect to elec- 
tricity; a field of inquiry, wherein fancy has, 
indeed, ſufficiently exhibited her luxuriance. 
No other ſcience has had more admirers, nor 
been ſubject, in ſo ſhort a ſpace of time, to fo 
great a variety of hypotheſes: theſe have been 
changed, corrected, and improved, almoſt as 
often as the inſtruments and machines which 
have been made uſe of upon the occaſion. In- 
deed, ſo little of the nature of electricity was 
known before the apparatus became confiderably 
extended, that even the exiſtence of the agent 
feems to have been a matter of ſpeculation; 
but, after the inſtruments had demonſtrated that 
fuch a fluid actually exiſted, the mode of that 
exiſtence was altogether undetermined, and be- 
came a ſubject of much diſpute. 
Some have ſuppoſed the electric matter to be 
a kind of unctuous effluvia, arifing, by means 
of friction, from ſubſtances termed electrics per 
fe; others, the æther pointed out by Sir Iſaac 
Newton, in the effects of which a certain ſubtile 
medium was concerned. Some called it elemen- 
tary fire, and imagined it to 5 a modification 
of 


* Tatham's Sale and Chart of Truth, 
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of the fire they termed an element ; while others 
conceived it to be a fluid diſtin from chemical 
fire, but of a nature greatly reſembling it. 
After two oppoſite and remarkably diſtinct 
effects had been obſerved in the attractive and 
repulſive powers of electricity, according as they 
were excited in different ſubſtances, the theo- 
ries of electricity became more complex; and a 
few gentlemen, with M. Du Fay at their head, 
aſſerted the exiſtence of two diſtin fluids, 
(which they called the vitreous and reſinous 
electricity,) in order to account for the different 
phenomena which they obſerved to ariſe from 
the excitation of ſuch ſubſtances. To theſe 
hypotheſes may be added the ingenious Abbe 
Nollet's doctrine of electrical affluences and ef- 
fluencies, which he fo ſtrenuouſly maintained. 
When it was diſcovered that this twofold 
electricity. might be procured by one and the 
ſame fubſtance, and from the ſame machine, 
the ſubject appeared entircly in a new light, and 
the terms were preſently changed from vitreous 
and reſinous to thoſe of poſitive and nega- 


tive electricity, becauſe they were then thought 
to be more adequate and expreſſive of the 
fact; and the appearances which were afterwards 
produced by means of this diſcovery, ſeemed 
ſufficient to eſtabliſh at leaſt the opinion that 


all 


94 AN ESSAY ON ELECTRICITY, 


all electrical phænomena are effected by a fluid, 
extremely elaſtic, and attached to the particles 
of all other matter. 

You have been already told, that as long as 
the electrical fluid is equally diſtributed among 
different ſubſtances, we cannot diſcover any 
ſign of it's exiſtence; a ſtriking proof of our 
incapacity of knowing the exiſtenee of certain 
ſubſtances otherwiſe than by their effects: as 
long as the electric fluid remains in it's natural 
ſtate it's effects are inviſible, and we are totally 
inſenſible of it's power; but whenever the equi- 
librium is diſturbed, we are immediately ſenſible 
of it's effects, 

The electric fluid adheres to the ſurface of 
electrics more ſtrongly than to the ſurface of 
conductors; and hence, when two ſuch ſub- 
ſtances are rubbed together, part of the natural 
quantity belonging to the conductor adheres to 
the electric. Without this property, the exiſt- 
ence of the electric fluid might never have been 
diſcovered. Had all bodies been poſſeſſed of 
an equal power of retaining and parting with 
the electric fluid, we ſhould neither have had 
any means of exciting it's appearance, nor have 
become in any meaſure ſenſible of it's effects; 
but, becauſe ſome ſubſtances freely admit of it's 

paſſage 
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paſſage through their pores, while others ſeem 
nearly impermeable to it, we can eaſily diſturb 
the equilibrium by making the fluid paſs from 
one body to another; and when it is thus col- 
lected, it is caſily detained, by ſupporting the 
electrified body on ſuch other ſubſtances, as 
will not admit of the fluid's paſſage. 

That the principal ſource of the electric fluid 
is the earth, is a poſition now generally adop- 
ted, and may be rendered clear by /alating or 
cutting off the communication of the rubber 
from the earth, by means of glaſs or baked 
wood. 


ExPERIMENT xXI.—On the effects of inſulating the 
cuſhion. If the cuſhion and the conductor be 
both inſulated, it is obſerved, that leſs of the 
electric fluid is obtained, the more perfect the 
inſulation is made. 

Secondly. The ſame experiment, but with a 
machine furniſhed with two conductors; one 
connected with the cuſhion, the other as uſual. 

Turn the cylinder, and both will be electri- 
fied ; but any electrified body which is attracted 
by the one will be repelled by the other: if they 
are brought ſufficiently near to each other, ſparks 
will paſs between them, and they will act on 

p each 


* Becket's Eſſay on Electricity. 
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each other ſtronger than on any other bodies. 
If they are connected together by a chain, the 
action of one deſtroys that of the other, and 
neither will exhibit any electric appearances, 
though the fire proceeds from the cuſhion to 
the conductor as before ; but being immediately 
conveyed away from thence to the cuſhion, they 
both remain in their natural ſtate, 

The conductor connected with the cuſhion is 
ſaid to be elerified-negatively ; that placed op- 
polite thereto is ſaid to be electrified py/{tively. 

To render this ſubject ſtill plainer, if poſſible, 
I ſhall introduce another experiment, the more 
ſo, as it is one which few writers mention, 


EXPERIMENT X11. — Conduflors electriſied with 
the ſame power. Electrify two conductors equally, 
by placing them before the cylinder, (that is, 
electrify both poſitively,) and the following ob- 
ſervations may be made: 1. That what is at- 
tracted or repelled by the one, is alſo attracted 
and repelled by the other; whereas, in the fore- 
going inſtance, what the one attracted, the other 
repelled. 2. That no fparks will paſs between 
two conductors equally electrified with the fame 
power, though they will paſs continually be- 
tween two electrified with different powers. 3. 
Connect the two conductors that are before the 

cylinder, 
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cylinder, and ſparks may be taken from them, 
which cannot be done from the others when 


they are united. 


EXPERIMENT XIII.—Take a glaſs tube, and 
by drawing the hand with a piece of flannel 
over the ſurface, the tube will ſoon be elec- 
trified. The matter leaving the hand paſſes to 
the glaſs, where it remains as an addition to it's 
natural quantity : for as neither the glaſs nor 
the air are conductors, the redundancy of the 
electric fluid cannot eſcape till ſome non-electric 
body approaches it. If a piece of metal, or the 
hand, be preſented to any part of the tube, the 
fluid will paſs to the metal with a crackling 
noiſe. 

Burt if the perſon that rubs the tube be inſu- 
lated, another perſon, ſtanding on the floor, on 
applying his knuckle from one end to the other 
of the excited tube, will get a few ſparks from 
it, but no more, as it cannot get a freſh ſupply 


from the earth. 
— — 


EXPERIMENT XIV,—ſhewing that electrical ap- 
pearances are produced both in the electric which is 
excited, and the ſubtance by which it is excited, 


provided that ſublance be inſulated ; but their elec- 
H ; iris 


- l 


14 
[ 
#1} 
+ | 
"s : 
, 
fo | 
1 . 
I Hl 
N : 
4 
* 
: 
U 
L 
f 
k 
U 
[ 
' 
| 
5 * 
1! N 
oof 
+4548 
U 
41 
1 
= 43 
£07 
ly 
1 
1 
120%) 
! 
144 
4 
4! | 
"mm N 
r \ 
"= . 
li 
oy 
vo L 
7 
' p 
* 
i 
At) 
', Wh 
» £ 
0 k 
To 
[i [1 . 
i 4 
3 : 
: | 
1 | 
| 
44 1 
lt 
fy 
Lo 
[ 
nn 
. 
4 : 
\ : 
* ' 
Ss 
N 
DR 
4 4 
> 
0 
* 14 
14 [ 
3-Y 0 
| - ö 
bi > 1 
[ 13 | 
7 i i 
7.01 
"+ ' 
$8 : 
N . 
1494 
1 
115 
249 
1 
: 
= ! 
=_ N 
ll 
'n 1 
13 
| q 
F, 
= Ft | 
1 13 
y 1 | 
: 
on 
1 
1 
: 
: : | 
| 14 
l » . 
i 414 
3 f 
| 1 
F 
. 
} ' 
\ 17 
4 
| I 
, H 
ht 11 
\ U = 
\ [ 
b 4} : 
i [ 
| | 
0 ; 
: 
I 
U 
j 
4 
" 
| 4 


* 
— —— — on Sy ron Ao > — 
— —— — 
- 232 
— 2 — 
+ — 


— 
— 


98 AN ESSAY ON ELECTRICITY. 


tric powers are direttly reverſe of each other, aud 
may be diſtinguiſhed by oppoſite effetts. 

Firſt, with a machine with an inſulated rub- 
ber, but no conductor connected with it. 

Put the machine in action, connect the cu- 
ſhion by a chain with the ground, and on turn- 
ing the machine the conductor will be elec- 
trified, will attract and repel light bodies, and 
cxhibit the uſual electric appearances. Take 
the chain from the rubber, and ſuſpend it to the 
conductor, and the cuſhion will now attract 
and repel light ſubſtances, and exhibit the ſame 
general appearances with the prime conductor. 
If the cylinder be turned while the chain is 
ſuſpended from the prime conductor to the 
ground, or any blunt body to the knob at the 
back of the cuſhion, ſo that ſparks may paſs 
between it and his knuckle, he is then ſaid to 
receive negative ſparks. 

But if the chain be taken from the prime 
conductor, and ſuſpended from the knob of the 
cuſhion, and a perſon preſent his knuckle with- 
in the ſtriking diſtance of the prime conductor, 
he will receive what is called pg/itive ſparks. 

The ſenſes cannot determine the direction in 
which the electric matter moves, but the gene- 
ra! opinion 1s, that in a common electrical ma- 
chine, it paſſes from the cylinder to the points 

: of 
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of the conductor; and as the cylinder, as you 
have ſeen, affords very little electricity when 
the rubber is inſulated, it follows, that it re- 
ceives it's electricity from the rubber; for un- 
leſs the rubber be at liberty to receive an equal 
quantity from the earth, that is, unleſs it be un- 
inſulated, it can part but with a ſmall quantity 
to the cylinder. On this ſuppoſition, it is taken 
for granted by many, that the rubber when in- 
ſulated muſt loſe a part of it's natural quantity 
by friction with the cylinder, and conſequently 
a conductor communicating with it muſt be ne- 
gatively electrified; and that the cylinder, at 
the ſame inſtant that it imparts the electric mat- 
ter to one conductor, exhauſts an equal quantity 


from the other which is conneted with the 
rubber. 


EXPERIMENT XV.— Another method of proving 
that the electric fluid comes from the earth. Let 
one perſon ſtand on a glaſs ſtool, (or be inſu- 
lated,) and rub a glaſs tube, and let another 
perſon on a glaſs ſtool take the fire from the 
firſt, they will both of them (provided they do 
not ſtand ſo near as to touch each other) appear 
to be electrified to a perſon ſtanding on the 
floor; that is, he will perceive a ſpark on ap- 
proaching either of them with his knuckle. 

H 2 2. mi 
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2. But if the perſons on wax touch one an- 
other during the excitation of the tube, ncither 
of them will appear to be clectrified. 

3. If they touch one another after exciting 
the tube, and draw the fire as aforeſaid, there 
will be a ſtronger ſpark between them, than was 
between either of them and the perſon on the 
floor. 

4. Aſter ſuch a ſtrong ſpark 1 of them 
diſcovers any eletJricily. 


Theſe appearances may be thus accounted 
for: the electric fire is a common element, of 
which each of the three perſons has his equal 
ſhare. before any operation is begun with the 
tube. 

A, who ſtands upon wax and rubs the tube, 
colle&s the electrical fire from himſelf into the 
glaſs, and his communication with the common 
ſtock being cut off by the wax, his body is not 
again immediately ſupplicd. 

B, who alſo ſtands upon wax, paſſing his 
knuckle along the tube, receives the fire which 
was collected from A, and being inſulated he 
retains this additional quantity. x 

To C both appear electrified ; for he, having 
only the middle quantity of electrical fire, re- 
ccives. a ſpark on approaching B, who has an 

| Over 
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over quantity, but gives one to A, who has an 
under quantity. 

If A and B approach to touch each other, the 
ſpark is ſtronger, becauſe the difference between 
them is greater. After this touch there is no 
ſpark between either of them and C, becauſe 
the electrical fluid in all is reduced to the origi- 
nal equality. If they touch while electrifying, 
the equality is never deſtroyed, the fire is only 
circulating. | 

On the foregoing experiments are founded 
the preſent theories of electricity, only two of 
which will be noticed in this work, that of Dr. 
Franklin, and that of Mr, Eeles as modified by 
Mr. Atwood, 


Of Dr. Franklin's Hypotheſis. 


This hypotheſis depends on and may be re- 
duced to the following principles. | 

1. That the atmoſphere and all terreftrial 
ſubſtances are full of the electric fluid. 

2. That the operations of electricity depend 
on the uncompounded action of a ſimple fluid 
of a peculiar nature, extremely ſubtle and 
claſtic. 

3. Glaſs and other electric ſubſtances, though 
they contain a great deal of electric matter, are 
nevertheleſs impermeable to this fluid, 


Ha 4. That 
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4. That the electric matter violently repels 
itſelf, and attracts all other matter, 

5. By the excitation of an electric the equi- 
librium of the contained fluid is broken; and 
one part becomes overloaded with electricity, 
while the other contains too little. 

6. Conducting ſubftances are permeable to 
the electric matter through their whole ſub- 
ſtance. + Ih 
7. Poſitive electricity is when a body has 
more than it's natural ſtate of the electric fluid, 
.and negative electricity when it has leſs than it's 
natural ſhare. 

The firſt poſition, hat all terreſtrial ſubſtances 
as well as the atmoſphere are full of the electric 
fluid, is eaſily proved. For there is no place of 
the carth or ſea where the electric fluid may not 
be collected, by making a connection between 
the place and the rubber of an electric ma- 
chine: the moſt concluſive proofs of this poſi- 
tion are obtained by the uſe of Bennet's elec- 
trometer and doubler. The caſe is equally 
clear, with reſpect to the atmoſphere from 
which the electric fluid may at any time be 
collected. | 

The ſecond poſition does not ſeem to be well 
founded ; there are many reaſons for ſuppoſing 
the electric matter to be a compound ſubſtance 

capable 
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capable of being ſeparated: at any rate the 
poſition is without proof, for we have no expe- 
riments from which it can be fairly deduced, 
that the electric matter is a ſingle fluid ſus ge- 
neris. N 

The third poſition for eſtabliſhing the Frank- 
linian theory is, © that glaſs and other electric 
ſubſtances, though they contain a great deal of 
the electric matter, are /mpermea#le by it.” This 
aſſertion has evidently a very contradictory ap- 
pearance. It is very difficult, if not impoſſible, 
to conceive that any ſubſtance can be very full 
of a fluid, and yet impermeable by that fluid ; 
eſpecially when we talk of throwing in an ad- 
ditional quantity on one ſide, and taking out as 
much from the oppoſite fide. 

The only arguments ſor the impermeability 
of glaſs by the electric fluid, are draun from 
the phænomena of the Leyden phial. It ap- 
pears indeed, in this caſe, that there is an ex- 
pulſion of fire from the outſide, at the ſame 
time that it is thrown upon the inſide. In this 
experiment an unphiloſophical obſerver, con- 
cluding from appearances, would judge that 
the fluid paſſed through the glaſs. Dr. Frank- 
lin concludes that it does not paſs through, be- 
cauſe there is found a very great accumulation 
of electric matter on the inſide of the glaſs, 

H 4 which 
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which is diſcoverable by a violent flaſh and ex- 
ploſion between the inſide and outſide coatings. 

But this is mere begging the queſtion, for 
there is no reaſon to conclude the glaſs imper- 
meable, unleſs you allow the accumulation on one 
fide, and the deficiency on the other. If this ſup- 
poſition cannot be proved, the evidence of ſenſe 
in favour of the permeability muſt preponderate. 

It is faid, indeed, that if the glaſs was per- 
meable by the electric fluid, a phial would not 
retain any charge; becauſe the fluid would no 
ſooner be thrown on one fide than it would fly 
off from the other. This concluſion depends 
entirely on the foregoing ſuppoſition, a ſuppo- 
ſition which is incapable of proof; namely, that 
there is an accumulation on one ſide of the elec. 
tric, and a deficiency on the other. 

Proofs of the permeability of glaſs will be 
found in various parts of this work. 
Ihe next poſition to be conſidered is this, © that 
the electric matter violently repels itſelf, and 
attracts all other matter. The proofs of this 
poſition, like the foregoing, are built on a ſup- 
poſition, which if denied, the proof falls to the 
ground; Let a ſmooth piece of metal be inſu- 
lated, and bring an excited glaſs tube near one 
end of it, a ſpark of poſitive electricity will be 


obtained from the other end; after which, if 
| the 
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the tube be ſuddenly removed, the tube be- 
comes negatively electrified. Here then, it is 
ſaid, is a plain repulſion of one part of the elec- 
tric fluid by another. That contained in the 
tube, repels the fluid in the nearcſt end of the 
metal; of conſequence, it is accumulated. in 
the other end: and when the tube is removed, 
the metal is found to be deprived of a part of 
it's natural ſtate of electricity, or is electriſicd 
negatively. | 

It is obvious to remark, before ſuch conclu- 
ſion can be drawn from this and fimilar expe- 
riments, that it is neceſſary to prove that poſitive 
electricity conſiſts in an accumulation, and ne- 
gative electricity in a deficiency of electric fluid. 

Another argument is however draun from 
the appearance of the electric fluid iſſuing from 
a point, or from any body highly electrified. 
In the open air this diverges exceſſively, and the 
particles ſeem to be violently repulſive of each 
other; that they are not ſo, is plain from the 
appearance they aſſume in vacuo, when, the re- 
ſiſtance of the atmoſphere being taken off, the 
electric repulſion would be more at liberty to 
exerciſe itſelf. | 

If the electric matter was really elaſtic, or 
endowed with a power repulſive of itlelf, it is 


impoſſible it ſhould paſs in an uninterrupted 
2 column 
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column through an exhauſted receiver, which 
however it does, and exhibits no repulſive ten- 
dency. 

The fifth poſition depends on the nature of 
excitation, a ſubject which is yet very imper- 
fectly underſtood ; too much ſo, to deduce con- 
cluſions. | 

The ſixth poſition ſeems proved by a variety 
of experiments; the electric fluid indeed often 
paſſes over rather than through the ſubſtance, but 
neither can it be doubted that it often' enters 
the ſubſtance, as in the melting of wires. 

The laſt poſition on which Dr. Franklin's 
theory depends, and which may be called the 
foundation of the whole, is, © that poſitive 
electricity is an accumulation, or too great a 
quantity of electric matter contained in a body; 
and negative electricity is when there is too 
little.” Of this, however, there is not one ſolid 
proof; and all attempts that have been hitherto 
made to prove it, are only arguments in a cir- 
cle, or proving the thing by itſelf, and there- 
fore no concluſion can be made from them. 
Thus, for inſtance, a body electrified poſitively 
attracts one that is electrified negatively ; be- 
cauſe the firſt has too much, and the other too 
little electricity. But how do we know that 
the one has too much, the other too little elec- 

I tricity 2 
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tricity? Becauſe they attract each other!!! 
Again, when a phial is electrified poſitively, 
there is a conſtant ſtream of fire from che out- 
fide coating, as there 1s from the conductor to 
the inſide coating : therefore it 1s ſaid the out- 
ſide has too little, and the inſide too much 
electricity. But how is this known to be the 
caſe? Becauſe glaſs is impermeable to electri- 
city! And how is glaſs known to be thus im- 
permeable? Becauſe one fide has too much, the 
other too little electricity! 

We have before obſerved, that the RS 
meability of glaſs to the electric power is a ſup- 
poſition merely hypothetical; there is not a 
ſingle determinate experiment to prove it ; and 
ſome of the warmeſt advocates, as Dr. Prieſtley 
and Cavallo, own that ſome glaſs may be per- 
meable. So contradictory is their evidence, that 
you may gather from it that the beft witrified, 
and the worſt vitrified, cold and warm glaſs, are 
all more or leſs permeable. 

You will, in another part of this work, ſee 
a proof of their inconfiftency, in endeavouring 
to prove that charged glaſs has always one ſur. 
face in a poſitive, the other in a negative ſtate. 

Dr. Gray aſſerts that Dr. Franklin's reaſon- 
ing, both on the charge and diſcharge of a jar, 
is erroneous : ſee his remarks in the chapter on 

the 
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the Leyden phial. If Dr. Gray had conſidered 
Mr. Eeles's ſyſtem, it is probable his ideas on 
this ſubject would have been much clearer than 
they at-preſent appear to be.* 

Mr. Brooke has ſhewn, (what Mr. Ecles 
ſhewed us long before,) contrary to the ideas 
of the beſt judges and friends of Franklin's 
theory, that during the time of charging a jar, 
both inſide and outſide have the ſame kind of 
electricity, and that the negative electricity does 
not take place till the turning the machine is 
diſcontinued. 


Or Ma. EELESs's Hyvporkxs!s. 


The following hypotheſis is extracted from 
Mr. Eeles's Philoſophical Eſſays ; and the analy ſis 
of a courſe of lectures read at Trinity College, 
Cambridge, by Mr, Atwood, 

If the reader will carefully compare this 
theory with the experiments that have been 
made on the electric fluid, I think he will with 
me agree, that it is more ſimple than Dr. 
Franklin's, ſpeaks more ſtrictly the language of 
experiment, and is much leſs embarraſſed with 
hypothetical ſuppoſitions. It pointed out to the 

| author 


* Leer 8 Wa on the — Proofs of the Frank- 
linian Syſtem. 
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author many phænomena which have not only- 
been conſidered as wonderful, but which have 
alſo much embarraſſed the partizans of Dr. 
Franklin's opinion. There are no known phæ- 
nomena but what are more readily accounted for 
on this ſyſtem, than any other at preſent known. 
That it is free from difficulty, I do not aſſert ; 
but I am certainly well founded in affirming, 
that it has ſtrong claims to philoſophical attention, 
and that nothing would have prevented it's 
having long ſince obtained a fair hearing, but 
for that ſpirit of party and bigotry which is to 
be found as much among philoſophers as among 
politicians and enthuſiaſts, 


HyeorTHEs1s. 


I. The two electric powers exiſt together in 
all bodies. | 
2. As they counteract each other when uni- 
ted, they can be rendered evident to the ſenſes 
only by their ſeparation. 

3- The two powers are ſeparated in non- 
electrics by the exc:tatzon of electrics, or by the 
application of excited electrics. 

4. The two powers cannot be Mow ſe- 
parated in electrics, 

5. The two electricities attract each other 
ſtrongly through the ſubſtances of electrics. 

6. Electric 
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6. Electric ſubſtances are impervious to the 
two electricities. | 

7. Either power, when applied to an unelec- 
trified body, repels the power of the ſame ſort, 
and attracts the contrary. 

I thall now give a few of Mr. Atwood's ex- 
periments, and then proceed to Mr. Eeles's 
own experiments and reaſoning. It is to be 
obſerved, that Mr. Eeles is a very immethodical 
writer, yet his matter is ſo good that no electri- 
cian ſhould neglect to read his eſſays. 


ExPERIMENT xv1.—Flefrified bodies attract 
bodies not electrified, though a thin electric be 
placed between them. 


EXPERIMENT xVIL.—Bodies electrified with 
contrary powers attract each other ſtrongly 
although an electric plate be interpoſed be- 


tween them. 


Thus flame will communicate heat through 
ſubſtances, which are impervious to the flame 
itſelf. 


EXPERIMENT XVIII. — If one ſurface of an 
electric plate be electrified with either power, 


AN ESSAY. ON ELECTRICITY. 111 


the oppoſite ſurface is electrified with the con- 
trary power, if it be not inſulated. 


Either power being applicd to one of the 
ſurfaces, attracts the contrary power through the 
ſubſtance of the electric, and repels the electri- 
city of the ſame ſort with itſelf. 

The two powers being brought to the oppo- 
ſite ſurface of the plate which is impervious to 
them, remain ſuſpended, ſtrongly attracting 
each other till the interpoſed plate is broken 
by their force, or a communication is formed 
between the two ſurfaces by ſome conducting 
ſubſtance. | 

The union of the two electricities deſtroys 
the effects of each other, and leaves the plate 
diſcharged. 4 

If either ſurface of a charged plate commu- 
nicate with the earth, the power on the oppoſite 
ſurface will expand itſelf into a conductor 
which is contiguous to it, although the con- 
ductor be inſulated. 


EXPERIMENT XIX, — Let one ſurface of a 
charged plate be inſulated : although the other 


communicates with the earth, no diſcharge of 
either ſurface will follow. 


ExPERI- 
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EXPERIMENT XX,——rendering the ation of the 
io powers viſible, Let the ſurfaces of an electric 
plate be very flightly charged and inſulated, and 
let a circuit with ſucceſſive interruptions be 
formed ; the two powers will be viſible, itlumi- 
nating the points of the interrupted circuit, and 
each power will appear 79 extend further from the 
furface contiguous to it, the ſtronger the charge 
is communicated to the plate; but if the illu- 
minations on each ſide meet, there will imme- 
diately follow an exploſion of the whole charge. 
The length of the interrupted circuit uſed by 
Mr, Atwood, for his experiment, was 12 feet. 


EXPERIMENT XX1. — The direction of the two 
powers viſible in a vacuum. Let an exhatſted 
receiver be made part of the electric circuit, 
with a charge not ſufficient to cauſe an expto- 
ſion, and the electricity will appear to proceed 
in oppoſite directions from the parts communi- 
cating with the vitreous and reſinous ſurfaces. 


The direction of the fluid is allowed to be a 
criterion which will prove or diſprove the 
truth of the Franklinian ſyſtem. In the two 
laſt experiments of Mr. Atwood, a double cur- 
rent is evidently viſible, and fully contradictory 


to their ſyſtem. Theſe experiments receive ad- 
| ditional 
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ditional force from Dr. Gray's reaſoning, who 
has ſhewn the impoſſibility and abſurdity of part 
of the Franklinian concluſions ; and are further 
confirmed by the following experiment of Mr. 
Symmer, and a ſimilar one of Mr. Volta. 
When a phial is electrified but a little, Mr. 
Symmer ſays, that if you touch the coating with 
a finger of one hand, and at the fame time bring 
a finger of the other hand to the wire, you will 
receive a pretty ſmart blow upon the tip of each 
of the fingers; but the ſenſation reaches no far- 
ther. It the phial be electrified a degree higher, 
you will feel a ſtronger blow, reaching to the 
wriſts, but no further. When again it is elec- 
trified in a ſtill higher degree, a ſevere blow 
will be received, but which will not reach be- 
yond* the elbows. Laſtly, when the phial is 
ſtrongly charged, the ſtroke may be perceived 
at the wriſts and elbows; but the principal 
blow is felt at the breaſt, as if a blow from 
each fide met there. This plain and ſimple 
experiment obviouſly ſuggeſts the exiſtence of 
two diflinct powers in contrary directions, and 
perfectly accords with thoſe of Mr. Atwood; 
and is in direct contradiction to that aſſertion 
of the Franklinians, that the /ame quantity of 
electric matter which is thrown upon one of the 


ſurfaces of glaſs in the operation of charging is 
| I driven 
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driven from the other, and that, in the diſ- 
charge, the ſame quantity returns from the one 
furface to the other. 

Mr. Volta, in the following argument and 
experiment, fairly gives up the foregoing poſi- 
tion, and endeavours to accommodate his ex- 
periment to an hypotheſis that it directly diſ- 
proves. | 

The ſubſequent account is extracted from a 
very long paper of Mr. Volta, in the Journal de 
Phyſique for 1779. 

Let us ſuppoſe that a, 5, c, d, e, %, g, b, 5, 
E, I, m, u, o, hold hands; let a graſp the out- 
ſide of a charged Leyden phial, and o touch the 
knob; at the inſtant receives the fire diſ- 
charged from the inſide by the knob, a will 
furniſh from his natural ſtock to the outſide, 
without waiting till the fire arrives to him from 
0, by u, to n, &c. in the mean while the lofs 
of a is compenſated from 5b, and 6 is furniſhed 
with freſh matter from c, and ſo on. It is ſtill 
true, that there is but one ſtream, if we conſi- 
der only the direction of the fluid, which is ex- 
cited ſimultaneouſly at the two extremities, and 
moves at the ſame inſtant of time; though, to 
ſpeak more accurately, it is not one ſtream, but 
two united in one. If the extreme rapidity with 
which the fire paſſes, did not prevent our per- 

ceiving 
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ceiving the ſucceſſive commotions received by 
the perſons who form the chain, we ſhould find 
they did not follow the order o, , m, I, but were 
felt ſimultaneouſly, firſt at the two extremities 0 
and a, then at » and &, mand c, &c. advancing 
towards the middle of the chain. Agreeable to 
this, if the bottle is ſmall, the longer the circuit 
is made, thoſe who are furtheſt from the extre- 
mities find the ſhock weaker. 

To render this account more clear, ſeparate 
the circuit, and form on a dry floor two rows, 
a, b, c, d.—e, f, g, b, interrupted in the middle; 
let e graſp the bottle by the outſide, and a excite 
the diſcharge by touching the knob of the bot- 
tle; now, if the electric fire was obliged to take 
the ſhorteſt courſe to come to the exterior and 
negative ſurface, it ought to deſcend to the feet, 
of e, paſs over the boards to the feet of d, and 
then through him to the outſide, without acting 
on /. g, b, which would be out of it's circuit. 
But, contrary to this, the fluid goes out of the 
direct courſe, to follow that of the conducting 
perſons, which afford it a proper receptacle, 
and comes to the outſide by another ſource. 
The fire which goes from the inſide from e to , 
g. b, gives them a ſenſible ſenſation in their 
hands and their heels, ſhewing itſelf by a ſpark, 

if the hands and the feet are ſeparated a little 
12 from 
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from each other, and finiſhes by diſſipating it- 
' ſelf in the common reſervoir. In the ſame man- 
ner d, who firſt gives the fire to the outſide, 
receives it ſucceſſively from c, l, a, who all draw 
it in from the_ floor. The ſtream therefore, 
which proceeds from the knob of the bottle, 
paſſing through the conducting ſubſtance, loſes 
itſelf in the general ſource; while, from the 
ſame ſource, a ſufficient quantity is taken to 
| ſupply the deficiency of the exterior ſurſace. 
| If V g. h, do not form a chain, but are irre- 
| gularly placed round e, the poſitive part of the 
| fluid may be ſcen to ſpread itſelf on different 
ſides, and divide itſelf in different branches to 
reach the floor. The fluid will in the ſame 
| manner riſe from the floor to reach d, if a, 6, 
| and c, are irregularly placed round him; ſo that 
| each ſurface excites it's own ſtream ; one that 
| enters the bottle, the other proceeding from 
| it. Thus alſo, in the experiments of Dr. 
| Watſon, where it has been ſuppoſed that the 
| electric fluid has made ſuch amazing circuits 
through rivers, over fields, &c, the fluid from 
the inſide was diſperſed in the river, at the in- 
ſtant that the outſide collected, from the ſame 
ſource, ſupplies for it's own deficiency. 
It appears alſo, from other experiments, that 
one {ide of a charged electric may contain more 
of @& 
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of one power than is ſufficient to balance the 
contrary power on the other ſide. For, if a 
charged jar is inſulated, and the diſcharge is 
made by a diſcharger with a glaſs handle, after 
the exploſion, the diſcharger, and both ſides of 
the jar, will poſſeſs a contrary power to that 
obtained on the fide of the jar, which was 
touched the laſt before the diſcharge. 

Let us now for a few moments turn ourſelves 
to Mr. Eeles, and hear him ſpeak for himſelf.“ 
The electric matter conſiſts of two diſtin elaſ- 
tic mediums, or powers, which equally and 
ſtrongly attract, and condenſe each other, and 
are equally attracted by all matter. 

Hence when any body is immerged into an 
electric atmoſphere, this atmoſphere not only 
repels that power of electricity in the body 
which is of the ſame kind with itſelf, but equally 
attracts the power of a different kind which is 
in the body ; and the two powers are ſeparated 
in the body, as long as it remains immerged i in 
the electric atmoſphere. 

It is abſurd to ſuppoſe that bodies negatively 
electrified are deprived of their natural ſhare of 
electricity, for they are no more deprived & it, 
than when they are poſitively electriſied; and 
it is a manifeſt contradiction, to ſuppoſe that 

13 bodies 


* Extrafted from “ Philoſophical Eſſays,“ in ſeveral 
Leiters to the Royal Society, by Henry Ecles, Eſq. 
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bodies will repel each other further, the more 
they are d/veſted of the power of repulſion. 
Beſides, when a body is clectrified negatively, 
it is impoſſible for any one, by any es of that 
body on another body which is not electrified, 
to know it 1s thus electrificd ; unleſs by bringing 
a light ſubſtance electrificd with a known power, 
to try whether it will be attracted or repelled. 

With reſpect to the Leyden phial, when the 
bottle is charged, it is equally clectrified on 
both ſides, but with the different powers of 
_ electricity ; and when a communication is made 
by a conductor, the increaſed power without 
flies in, and the increaſed power within flies 
out; for theſe powers ſtrongly attract and con- 
denſe each other when in equilibrium, or in 
their natural ſtate, and therefore do not in that 
ſtate exhibit any ſenſible action. 

Glaſs may be equally electrified on both ſides, 
with either the reſinous or vitreous power: the 
Leyden phial inſulated, may be charged with 
either of the powers on the inſide, and the other 
power on the. outſide, by only immerging it in 
the atmoſphere of a body electrified with either 
of choſe powers; and may be diſcharged and 
recharged in different order, without contact or 
communication with any thing but that atmo- 


ſphere. 
Glaſs 


% 
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Glaſs is not impervious to the electric pow- 
ers, for with excited glaſs, or wax, you may 
electrify a body through glaſs with either power. 


EXPERIMENT xxv.— Take a piece, of bog- 
down,“ ſuſpend it by ſilk; then take a pane of 
clean ſaſh glaſs, and warm it, and let the down 
bang to the fide of it; then bring an excited 
electric to the other ſide of the glaſs, and the 
down will fly off perfectly elerified, in the ſame 
manner as if the glaſs had not intervened. 


If the excited electric be glaſs, the down will 
be electrified with the vitreous power; and if 
wax, with the reſinous power. Dr. Franklin 
ſays, they are different powers thrown from the 
oppoſite ſide of the glaſs: to do this, he muſt 
allow two different diſtin powers to exiſt in 
all glaſs, which overſets his whole doctrine. 

Dr. Franklin alſo aſſerts, that glaſs cannot re- 
ceive electricity on one fide, without parting 
with an equal portion of it's natural ſhare on the 
other fide. But in this he is entirely miſtaken, 
for you cannot electrify a pane of glaſs on one 
ſide, but the other ſide will be equally electrified 
with the ſame power; except you form a com- 

| 14 munication 


* Mr, Eeles uſed bog-down, which, I am informed, is 
much more ſenſible than threads with a pith ball, 
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munication from one ſide of the glaſs with non- 


. electrics, while you electrify the other fide ; and 
then, be your excited electric either reſinous or 


vitreous, it will repel the power of the ſame 
kind from the glaſs, and attract the contrary 
power from the non-electrics. 


EXPERIMENT XxX111,—Sct a Leyden phial on 
a clear dry electric ſtand, ſo that a different 
power from that you attempt to charge it with 
cannot be drawn up to the outſide, and both 
ſides will be clectrified with the ſame power, 
whether vitreous or reſinous. 


EXPERIMENT XXIV.—To elet1rify a pane of glaſs 
equally on both fides, either with the reſinous or vi- 
treous powers, and that by the atmoſphere of a con- 
ductor elefrified by either of the powers. Paſs ten 
ſtrong knitting-needles through a ſtick, ſo that 
they may lie parallel to, and within halt an inch 
of each other, (if they are pointed, the purpoſe 
will be better anſu ered, ) then fix a wax or glaſs 
handle to your ſtick. 

When the conductor is elefriſied, bring the 


pane of glaſs near it, and draw the points of the 


wires, which are neareſt the conductor, a few 
times ſlowly over the glaſs, beginning at the 
ſide of the glaſs next the conductor, and draw- 


ing 
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ing them from the conductor, and you will find 
this pane of glaſs electrified equally on both 
ſides, with the power contrary to that of the 
conductor. 


EXPERIMENT XXV.—To eleFrify the glaſs with 
the ſame power as the conductor. Place one end 
of the wires near the conductor, and draw your 
glaſs under or over the other points that are from 
the conductor, and the glaſs will be electrified 
equally on both ſides with the ſame power as the 
conductor. Ne 

EXPERIMENT XXVI,—To elef7rify a pane of glaſs 
equally on beth ſides with the vitreous power, by ex- 
cited wax; and with the refinous, by excited plaſs. 
Take a clean, dry, warm pane of glaſs; place a 
ſmall bundle of linen rags, ſuſpended by filk, 
or a ſheet or two of paper, folded like a letter, 
or any non-elcEric, on the glaſs; bring an ex- 
cited tube under the pane, and in contact with, 
or very near it; and when it has remained 3 or 
4 ſeconds, toſs off the rags, or papers, and in- 
ſtantly withdraw the tube, and you will find the 
pane of glaſs electrified on both ſides with the 
vitreous power, and the non-electric which 
was on the pane with a, contrary power, 


To explain theſe phænomena. The two con- 
trary 
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trary powers of electricity are equally adheſive 
to the pane of glaſs, as they are indeed to all 


matter: they attract and. condenſe each other 


into almoſt an inſenſible ſpace, and do not in 
that ſtate exert any ſenſible action;“ but the 
atmoſphere of the non-electric drives part of the 
ſame power out of the glaſs into the non- 
electric; and at the ſame time attraQts the con- 
trary powers of electricity into the glaſs. 

Now the non · electric being taken away, the 
different powers in the glaſs are rendered une- 
qual to each other; and the increaſed power, 
by it's elaſtic force, (the attraction of the other 
power being leſſened,) expands itſelf into an 
extenſive atmoſphere ; which atmoſphere acts, 
in all reſpects, like the atmoſphere of any elec- 
tric excited by the ſame power. 

For all electrics are excited in the ſame man. 
ner, by the ſeparation of the contrary powers, 
which are equally inherent in them and all other 


bodies, till ſeparated by friction, &c. And the 
reaſon 


* This poſition is illuſtrated by all the experiments 
when there is any ſolution of continuity, as in breaking a 
ſtick of ſealing- wax; as in the electrophorus, condenſer, 
doubler, &c, which, on the other hypotheſis, are very ob- 
ſcurely explained, if explained at all, Mr, Wilſon's ex- 
periments with the tubes and pith balls, are alſo further 
illuſtrations of Mr, Eeles's opinions. 
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reaſon why non-electrics cannot be electrified, 
unleſs they are inſulated, is becauſe the ditfer- 
ent powers change place ſo quickly; for the at- 
moſphere of an excited-non=-electric always at- 
tracts one power in the non-electric, and repels 
the contrary ;* yet, as ſoon as it is removed, 
the powers inſtantly unite by their mutual at- 
traction. 


EXPERIMENT XXVII. A Leyden phial being 
ſuſpended by ilk, to charge, diſcharge, and recharge 
it with the powers in the contrary order, only by the 
atmoſphere of an elefrified conduftor. 

Fix ſome ſharp pointed wires to the coating 
of a bottle, ſo that they may project an inch be- 
low the coating. Fix ſome ſharp pointed nee- 
dles (projecting upwards) to the rod in the in- 
ſide of the bottle, ſuſpend the bottle by filk, and 
bring it ſo that the rod from the inſide may 
point to the conductor, While the wheel is 
turning, let it remain there for ſome time, and 
you will find the infide charged with the ſame 
power as the conduQor. 

Now ſuſpend the bottle over the conductor 
for the ſame time, with the wires from the bot- 
tom, pointing to the conductor, and you will 
find the bottle to be diſcharged. But let it re- 

main 


See this clearly proved by Wilſon's Experiments, 


N 
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main as long again, and the bottle will be re- 
charged, but in a contrary order to what it was 
at firſt. 


The conduQtor being electrified with the 
vitreous power, attracts the reſinous power from 
the infide of the bottle, and the non-electric 
contained therein, and enters itſelf in the room 
thereof, till the inſide is electrified like the con- 
ductor with the vitreous power. 

The vitreous power on the inſide repels the 
vitreous power on the outſide through the points 


of the wires, and attracts the reſinous from the 


air till through the points it arrives at the outſide 


of the bottle, where it meets a reſiſtance from 


the glaſs, and is there held in firm contact by 
the attraction of the contrary powers on the in- 
ſide of the bottle, and thus the bottle remains 
charged when taken from the atmoſphere of the 
conductor. : 

When the experiment is reverſed by bringing 
the wires at the bottom of the bottle pointed to- 
wards the conductor, the vitreous atmoſphere of 
the conductor attracts the refinous power from 
the outſide, and adds to the vitreous power 
alrcady there; this power repels the vitreous 
power from the infide, and attracts the reſinous 
power through the needle, till the bottle be- 
comes charged in a contrary order. 

I | The 
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The whole of electricity and excitation de- 
pends on the ſeparating the vitreous and reſinous 
powers by leſſening the one and increaſing the 
other. In excited electrics, theſe powers are 
never entirely ſeparate, but the leſſened power 
acts inward to the electric, and the increaſing 
power acts outward from the electric, with an 
extenſive atmoſphere. 

Mr. Franklin aſſerts, that glaſs cannot receive 
electricity on one ſide without parting with ſo 
much of it's natural ſhare on the other fide : but 
this is demonſtrably falſe. For a pane of glaſs 
may be electrified equally on both fides with 
either power; or the Leyden phial, when inſu- 
lated, may be electrified at both ſides with 
either power. 

M. Nellet, when he talked of affluences and 
effluences, was in a great degree right; but he 
knew not that it was an affluence of one power, 
and an effluence of another: all his experiments 
which prove a double current makes directly 
- againſt the Franklinian ſyſtem, and in favor of 
the two powers. 

That there is an affluence and effluence, may 
be proved by many experiments, of which one 
only will be mentioned here, namely, the com- 


mon one with the dancing images. | 
| Exrz- 
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EXPERIMENT XXVIII.— When you dry the 
head of one of thoſe images, the power thrown 
out from the conductor, cannot enter the image 
with the ſame facility with which the contrary 
power from the table enters at the feet, which 
are not ſo dry; this will therefore aſcend to the 
upper plate, and remain there. Reverſe the ex- 
periment ; dry the feet and wet the head, and 
the images will fix themſelves to the lower plate. 
If the image retains ſo much more of the at- 
tracted power as will ballance againſt it's weight, 
than there is of the contrary power which pro- 
ceeds from the conductor, the image will be ſuſ- 
pended berween the two plates, 

This may be effected by making the head of 
the image broad and round, which does not 
admit the power coming out ſo readily as the 
feet, being ſharp, admit the power going in; 
a minute alteration will make the images dance, 
or remain fixed to one of the plates. 

It is not bare matter that is atlrafed in theſe 
experiments, but the electric power which 1s 
inherent or adheſive to that matter. 


EXPERIMENT XXIX.—To fhew that the eleckric 
powers condenſe each other. Take two panes of 
clean ſaſh glaſs that will lie evenly on each other ; 
place a ſheet of paper folded like a letter on 


your table, place the two panes on the paper, 
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and a like paper on the upper pane, then take a 
large excited glaſs tube, and roll your tube over 
the upper paper ; repeat the exciting and rolling 
5 or 6 times; at the laſt rolling take up your 
panes, - upper paper, and tube together, and 
then immediately take off the tube and upper 
paper; then bring the two panes joined together 
to a piece of bog-down ſuſpended by filk, and 
you will find the panes thus joined have very 
little effect on the down. Wo 

Separate the panes, and each pane will be 
ſtrongly electrified, the upper pane with the 
vitreous power on both fides, the under one 
with the reſinous power on both fides: touch 
the down with either pane, and it will be repelled 
by that, and attracted by the other. 

Place your panes together as at firft, and then 
you will find that the powers condenſe each 
other, ſo as to have very little effect on the 
down : but as you ſeparate the panes, you will 
find the different powers att as before. 

The panes, if they lie in contact with each 
other, and are highly electrified, will ſtick to- 
gether by their mutual attraQtion, and ſeparate 
with a ſnap. 

If the experiment be made on a pewter plate 
placed on a glaſs ſtand, you will find the powers 
have changed place through the whole ; the 

vitreous 
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vitreous power of the tube attrading part of the 
reſinous power from the firſt glaſs, and adding 
part of it's own vitreous power to the glaſs ; by 
which means the glaſs becomes electrified with 
vitreous power, which repels the vitreous power 
of the paper and plate into the under glaſs, and 
thus the under glaſs is electrified with the re- 
ſinous, and the plate with the vitreous power. 


A due conſideration of the foregoing experiments 
will explain all the tranſactions of the electric powers. 
For in exciting, the rubber always dfaws off as 
much of.one power as it adds of the other, and 
is therefore always electrified with a power 
contrary to the increaſed power of the excited 
electric. | „ 

When an excited electric electrifies an inſu- 
lated non- electric, it draus as much of one 
power from it as it gives of the other, and is 
therefore as much unelectrified itſelf as it elec- 
trifies the non electric; and thus this change 
goes on till che powers become equal to each 
other, which, in non-electrics, is done almoſt 
inſtantaneouſſy. | 


ExezRIMENT xxx.—Place a charged bottle 
upon an electric ſtand, and let a cork ball, ſuſ- 


pended by ſilk, hang againſt the outſide ofthe 
bottle; touch the top of the bottle, and the ball 
5 | | flies 
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flies off ſtrongly electrified with the reſinous 


power; and thus you may go on for a great 
number of times, to alter the balance within 


fide and without ſide the bottle, by alternately 
touching the top and bottom. 


Now can any Franklinian ſuppoſe, that it is 
the return of their poſitive power to the emp- 
tied fide of the glaſs, that electrifies the down 
negatively ? 

The truth is, when you touch the top, you 
take a ſpark of the vitreous power from the in- 
ſide, and in exchange give as much of the re- 
ſinous thereto, which leſſens the attraction of 
the vitreous power on the inſide, and leaves the 
reſinous power without fide in greater quantity 
than the vitreous on the inſide, and conſequently 
at liberty to exchange powers with any non- 
electric in contact with it; and thus the ball 
becomes electrified with the reſinous power. 


EXPERIMENT xXxxXXI.— Take two ſheets of pa- 
per, folded like large letters, and place them 
on your table, with a pane of clean dry glaſs on 
each paper; then take a large glaſs tube, well 
excited, and roll it over one of the panes; then 
take up the pane and tube together, and inſtantly 


withdraw the tube, you will find that pane 
"1 ſtrongly 
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ſtrongly electrified ar both ſides with the reſi- 
nous power, which Dr. Franklin ſays, is a thing 
that cannot be done. | 

Repeat the operation, and while your pane is 
electrified with the refinous power, lay it on the 
other pane for four or five ſeconds; take up 
your panes together, and then ſeparate them: 
you will find the firſt pane flill clectrified with 
the reſinous, or minus power, and the other 
pane electrified on both ſides with the vitreous 
power, or plus. 


Now if any man, ſays Mr, Eeles, can frame 
or thew an hypotheſis, to explain by the action 
of one fingle power, how a body dive/ied of it's 
natural ſhare of that power, can give another body 
an additional ſhare of that power; they will 
overſct all the rules of reaſoning with which 1 
arn acquainted. | | 

It is readily explained, on the principle of 
two powers. The firſt pane having a greater 
quantity of the reftinous power, repels the reſi- 
nous power from the ſecond pane, to the non- 
electric under it, and attracts an equal quantity 
of the vitreous power from the non-electric into 
the pane ; by which means that pane has an in- 
creaſed ſhare of the vitreous power, which in- 
creaſcd power will, by it's own elaſtic force, 

\ expand 


AN ESSAY ON ELECTRICITY. 11 


expand into an atmoſphere, and therefore the 
pane will be electrified by that power. 


EXPERIMENT XXXI1L,— for the further illuſira- 
tion of ihe reciprocal exchange of the electric powers. 
Fix a wire to the under part of a coated bottle, 
ſo that the point may ſtand upright; and on 
thar point place the ncedle with the reverſed 
points. Place this bottle on an electric ſtand, 
with a communication from the conductor. All 
the time the bottle is charging, the needle will 
turn; but when the bottle is charged, the needle 
ſtops. Then touch the top of the bottle with 
your finger, or any conductor, and the needle 
will turn till the bottle is diſcharged. Now 
while the bottle is charging, if you touch the 
needle with a piece of bog-down, ſuſpended 
by filk, you will find it electrified by the vi- 
treous power, which flies off in exchange for 
the reſinous power drawn in from the air to the 
outſide of the bottle; and while the bottle is diſ- 
charging, if you touch the down in the ſame 
manner to the needle, you will find it electrified 
with the reſinous power, which flies off from 
the outſide of the bottle in exchange for the vi- 
treous power drawn in through the points from 
the air; while the vitreous power from the in- 
ſide of the bottle makes the ſame exchange for 

K 2 the 
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the reſinous power through your finger, to make 


theſe different powers equal to each other, with- 


inſide and withoutſide the bottle. 


EXPERIMENT XXXI11. — Place two Leyden 
bottles on an electric ſtand, with their coatings 
in contact; and while you charge one from the 
conductor, let a perſon on the floor touch the 
top of the other bottle with his finger; you will 
find the firſt bottle charged with the vitreous 
power inſide, and the ſecond with the reſinous 
power inſide. Now the exchange here is evi— 
dent; for while the reſinous power from the 
inſide of the firſt bottle changes place with the 


vitreous thrown in from the conductor, the vi- 
treous, from the coating, changes place for ſo 
much of the reſinous from the coating of the 


ſecond bottle; and the vitreous in that bottle 
changes place for ſo much of the reſinous power 
drawn in through the man on the floor. 

I could eafily, ſays Mr. E. furniſh experi- 
ments ſufficient to fill a great deal of paper; 
but I ſhall only mention one or two which I 
often made, and have ſhewn to many gentlemen 
verſed in this ſcience, which perhaps may puzzle 
the writers on this ſubject: but whoever can 
make them, muſt and will underſtand my doc- 
trine of electricity; and plainly diſcover, that 

all 
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all that has been ſaid about poſitive and nega- 
tive electricity, or a plus and minus of the ſame 
power, has been to little purpoſe, and only 
ſerved to keep men in the dark about this 
ſcience. | 

Mr. E. had a glaſs globe, entirely ſmooth, 
which, with the ſame rubber, he could make 
throw out the refinous or vitreous power, and 
electrify other matters with each power as often 
as he pleaſed; and generally he could charge 
theſe powers in one revolution of the globe ; but 
in two or three revolutions he never failed to 
do it. 

He had another glaſs globe entirely ſmooth, 
ſupported by one glaſs neck, from the equato- 
rial line of which globe he could electrify with 
the reſinous or vitreous power as he thought 
proper, without applying a hand or any rubber 
to the globe, or any friction from the things to 
be electrified; and what is more, he could elec- 
trify two things with the different powers at the 
ſame time. 

He hopes his readers will forgive him, for not 
explaining theſe experiments, till he ſees who 
can make them, and explain them by the doc- 
trine of poſitive and negative electricity, or a 
plus and minus of the ſame power. 

As he has ſeen Mr. Prieſtley quoted, for im- 


proving and methodizing the theories of Mr. 
K 3 Dufay, 
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Dufay, and Mr. Symmer; he obſerves, that 


Mr. Dufay never thought of the co-cxiſtence of 


theſe different powers in all bodies; nor even 
Mr. Muſchenbroeck, long after him ; therefore, 


there was not any theory of Mr. Dufay's to be 
methodized. His papers will appear to have 


been written to the Royal Society, before Mr. 


Symmer thought any thing of the matter; how- 


ever, as far as he has gone, he was right; and 


he thinks that Mr. Prieſtley has made too much 


of a trifling objection to what Mr. Symumer has 
ſaid,- that any man, from his own ſenſations, 
would be convinced that the powers came -in 


oppoſition from both ſides of the battle, by 
feeling a ſlight ſhock in his wriſts, a ſtronger in 
his elbows, and ſo on. Mr. Symmer did not 
fay that theſe powers did not circulate through 


the body, but that this ſenfation would ſhew 
their different direction; and, an explanation of 
theſe different ſenſations depends on a know- 
ledge of anatomy, and the action of theſe pou- 
ers on the different parts, which, it is poſſible, 
that both Mr. Prieſtley and Mr. Symmer may 
be ſtrangers to. But this objection was only a 


- pretext to mend Mr. Sy mmer's diſcoveries. 
Mr. Eeles believes it will plainly appear to any 


gentleman, who docs him the honour to read 


his papers with attcntion, that the only theory 
which 
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which Mr. Prieſtley could have methodized, 
muſt be what he took from his papers; if an 
hypotheſis can be faid to methodize a doctrine 
which was clearly proved by experiments, ten 
years before. He pertinently aſks, which of Mr. 
Prieſtley's own numerous experiments, or what 
experiments of any other man, he has explained 
by his hypotheſis ? or how he has ſupported this 
hypotheſis, or whence he took it? For he has 
not produced a ſingle experiment in aid of it, 
to ſhew the exiſtence, or manner of acting, of 
theſe different powers. Or,. he would aſk whe- 
ther his hypotheſis has added any thing to the 
truth, or explanation of what he has writ- 
ren? Or, if he had happened to have written 
that hypotheſis, whether he ſhould have put this 
matter in a clearer light than what he has done? 
Or, what man would have depended on that hy- 
pothefis, without any other proof? So that he 
thiaks Mr. Prieſtley may fairly own, from 
whence he framed his hypotheſis; for, after 
reading theſe papers, Mr. Prieſtley has ſhut 
Mr. Eeles out of his hiſtory of electricity; 
though all his papers were addreſſed to the 
Royal Society, of which he is a member; and 
it appears from the firſt of them, that his at- 
tempt to ſhew the electric powers were the 
cauſe of thunder, was approved by that So- 

K 4 8 ciety ; 
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ciety ; and is the only attempt, of that kind, 
which ſtands recorded in the Philoſophical 
Tranſactions. As for the reſt of them, with 
Mr. Prieſtley and his hypotheſis, he leaves to 
the judgment of unprejudiced readers. 


CHAFP. 
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CHAZ © 


ON THe METHOD OF USING THE ELECTRICAL 
APPARATUS, AND A DESCRIPTION OF SOME 
ARTICLES THEREOF. f 


R. Becket has well obſerved, that an 
electrician ſhould diveſt himſelf of fear, 
though not of caution. There 1s no poſlible dan- 
ger in any electrical experiments, except in the 
charging of large jars and balleries; nor need 
he be under any fear from theſe, while he is 
careful not to touch any part of the prime con- 
ductor, or the wires leading to the inſide of the 


Jars. 
It is not, however, unuſual for perſons, who 


are but little acquainted with the nature of elec. 
tricity, to teſtify evident marks of fear, upon 
their approaching an electrical machine: ſome 
can ſcarce be prevailed on to receive the ſlight- 
eſt diſcharge from the phial, or even to take a 
ſpark from the conductor, though they ſee others 
perform both without the leaſt inconvenience, 
This want of reſolution might be excuſable in 
women and children, but one cannot help ſmi- 


ling at the timidity of a man who can expreſs 
any 
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any apprehenſions at a momentary ſmart, of a 
pain which is rather imaginary than real, and 
can ſeldom be of half a ſecond's duration.“ 
Though I have already mentioned the pre- 
cautions to be uſed, and the directions to be fol- 
lowed in exciting and uſing an electrical ma- 
chine, yet I hope a repetition will not prove 
unneceſſary; the more ſo, as it is evidently for 
the intereſt of the ſcience, that every thing be 
made as plain and clear, as caſy and inviting, 
as poſſible to beginners. 
When the weather is clear, and the air froſty, 
the electrical machine will generally work well; 
but when the weather is damp, it will be ne- 
ceflary to bring-it into a warm room: the cy- 
linder, all the inſulating pillars, and the tops 
of the Jars, &c. ſhould be made thoroughly dry. 
. Clean the cylinder and wipe the filk, then 
greaſe the cylinder, by turning it againſt a 
greaſed leather, till it is uniformly obſcured, 
Turn the cylinder til! the ſilk has wiped off ſo 
much of the greaſe as to render it ſemi-tranſ- 
parent. | 
Put ſome amalgam on a piece of leather, and 
ſpread it well, ſo that it may be uniformly 
bright; apply this againſt the turning cylin- 
der; the friction will immediately increaſe, and 
the 


* Bocket's Eſſay on Electricity, p. 15. 
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the leather muſt not be removed until 'it ceaſes 
to become greater. 

If ſeveral jars are connected together, among 
which there is one that is apt to diſcharge itſelf 
ſooner than the other jars, the reſt of the jars 
will be diſcharged with it, although by them. 
ſelves they may be capable of holding a very 
great charge. : | 

To diſcharge a jar, a communication muſt 
be formed between the outſide and the inſide of 
the jar, by a conducting ſubſtance. Thus, if 
you place one hand in connection with the out- 
ſide coating of the jar, and touch the ball with 
the other, the jar will be diſcharged, and you 
will receive the ſhock. To avoid this, three 
kinds of diſcharging rods have been contrived; 
one of theſe, repreſented fig. r, pl. II. is a ſemi- 
circular braſs wire, furniſhed with two braſs 
balls, one at each end of the wire. The - ſecond 
is fimilar in ſhape, and is called the laminous di 
charging rod; the braſs balls are connected to- 
gether by a piece of iron chain, which paſſes 
through a glaſs tube; the handle 1s of wood: 
in the diſcharge, luminous bruſhes are perceived 
at each jundure of the chain; this effect will 
not be produced by a braſs chain. The 7hird is 
a jointed diſcharging rod with a glaſs handle, fig. 2, 
pl. II: the legs of this are moveable, and may 
I be 


| 
| 
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be ſet to any given diſtance by means of the 
Joint c, which renders it exceedingly convenient 
in a variety of caſes. The extremities of the 
legs are pointed ; the points enter into the balls 
a, b, which are ſcrewed on the extremities, and 
from which they may be unſcrewed at pleaſure; - 
ſo that either the balls, or the points, may be 
uſed as occaſion requires. Theſe three kinds of 
diſcharging rods are uſed in the ſame manner ; 
that is, to diſcharge a jar with them, you place 
one ball of the diſcharging rod on the external 
coating of the phial, then bring the other to 
touch the knob of the wire which communicates 
with the inſide of the jar, when an exploſion 
will take place, and the phial will be diſ- 
charged. It is ſcarcely neceſſary to ſay, that 
the jointed and luminous diſchargers are to be 
held by their reſpective handles; and the plain 
one by the ſemicircular part of the wire. | 
Mr. Brooke aſſerts, that the ſpontaneous diſ- 

charging of a phial is much facilitated by it's 
being made very dry and clean, inſomuch that 
a jar will not take ſo great a charge, when quite 
clean and dry, as it was otherwiſe capable of 
being made to take: ſo that in order to give 
the greateſt poſſible charge to a Leyden phial, 
it ſeems neceſſary that ſomething of a very light 
oilineſs ſhould be rubbed over it's ſurface, ſome. 

thing 
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thing nearly of a non- conducting ſubſtance; , 
perhaps a ſlight coating of tallow. If the elec- 

trical apparatus be kept in a very warm, dry 
room, the advantage of ſoiling the naked part 
of the glaſs will ſoon appear; but if the appa- 
ratus be kept in a cool room, where there is 
neither fire nor ſun, the above-mentioned me- 
thod will be of little uſe. 

For the purpoſe of charging batteries, or 
large jars, , a large conductor is very diſadvan- 
tageous ; the battery ſhould alſo be placed at 
ſuch a diſtance from the machine and prime 
conductor, as to be as far as poſſible from their 
atmoſpheres. If the machine and prime con- 
ductor be very large, the perſon who works the 
machine ſhould be inſulated. 

Mr. Brooke ſays, that a certain quantity of 
conducting ſurface diſpoſed in length, and 
joined to a prime conductor, added more to 
the ſtrength and pungency of a ſpark, or ſtroke, 
than the ſame quantity diſpoſed in thickneſs 
and joined to the ſame conductor.* | 

It is adviſeable not to handle a jar, or bat- 
tery, even after it has been diſcharged, as there 
is often a conſiderable reſiduum: this may be 
got rid of by applying the diſcharging-rod 
twice, or even thrice, to the jar, &c. 


To 


See Brooke's Miſcellaneous * Remarks 
On 3 &c. 
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To avoid a ſhock, be careful never to touch 
the top and bottom of the jar at the ſame time, 
nor ever to enter a circuit formed between 
the inſide and outſide of a jar. 

A charged phial, ſet upon electric ſubſtances, 
(inſulated,) may be taken hold of without dan- 
ger, either by the coating or the wire. 

The outſide of a charged jar may be handled 
with impunity, If the knob alone be touched, 
only a pricking ſenſation will be felt, the diſ- 
charge will be iilent and without exploſion. 

It any conducting ſubſtance be near the ma- 
ehine while working, it generally receives part 
of the electric matter, and carries it off: it is 
therefore proper to remoye every thing to a diſ- 
tance that is not immediately wanted. The 
flame of a candle near the cylinder, or any part 
of the conductor, effectually takes off the elec- 
tricity, ard ſpoils the operation. 

When the inſulating ſtool, whoſe feet are of 
glaſs, ſec fig. 8, pl. II. is made uſe of, it is very 
advantageous to place a ſheet of clean dry 
paper under the feet. 

When a chain 1s ſuſpended from the rubber, 
all bodies in contact with the prime conductor 
are ſaid to be poſetively electriſied; but when the 
chain is ſuſpended from the prime conductor, 
all bodies in contact with the rubber, or cuſhion 

connected 


* 


A 
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connected with it, are ſaid to be negatively elec- 
irified. 


Of the Apparatus figured in the Plates. 


Fig. 13, plate II. repreſents the plates and fland 
for dancing images. F is a circular plate of braſs, 
or copper, to be ſuſpended horizontally from 
the conductor by a chain or wire; G is a ſimilar 
bur larger plate, and 1s to be placed parallel to 
the former, and is ſupported by a braſs ſtand I, 
the upper part of which may be raiſed or low- 
cred at pleaſure, 

Fig. 25, plate II. repreſents two wires, placed 
parallel to cach other, for the ſame purpoſe; in 
this way, however, it is difficult to make the 
experiment ſucceed. 

Fig. 17, plate II. is a % of bells: no experi- 
ment illuſtrates better the general principles of 
electricity than this ſmall apparatus. V Y a wire 
to which the bells are attached; RS a bent wire, 
to ſuſpend them from the conductor; the two 
outer bells are connected to the wire V Y by 
chains ; but the middle bell, and ſmall clappers 
between the bells, are ſuſpended by ſilk threads. 
From the concave part of the middle bell, a 
braſs chain X procceds, deſigned to fall upon 
the table; a piece of ſilk thread ſhould be tied 


to the extremity of this chain. 
Fig. 


4 
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Fig. 18, plate II. repreſents a more elegant 
form of mounting the bells. The pillar A is 
of glafs, the croſs on the top thereof is of braſs, 
the four outer bells are affixed to this by wires 
or chains, the clappers are ſuſpended on filk 
threads from the crofs, the middle bell com- 
municates with the ground by the foot, To 
uſe theſe, the knob a muft be in contact with 
the conductor. 

Fig. 19, plate II. 2 ſet of myfical bells. In theſe, 
the clapper is ſuſpended from the fly be d; the 
axis of the fly reſts in a fmall hole, on the top 
of the pillar e f. in which it turns with great 
freedom; bells of different tones are placed 
round the boards hi k. 

Io uſe theſe bells, remove the prime conduc. 
tor, and place the bells fo that the fly may be 
near the cylinder; when the electric fluid has 
put this in action, it will caufe the fly to turn 
round ; the clapper will ſtrike each bell in rota- 
tion, and thus produce a pleaſing and harmo- 

nious effect. | 

Fig. 14, plate II. a braſs wire, with two cork 
balls ſuſpended thereto with ſilken threads. 

Fig. 10, plate II. a ſimilar wire, with two 
downy feathers ſuſpended by linen threads. 

Fig. 20, plate I}. a bundle of thread tied to- 
gether at each end. 

Fig. 


= w 
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Fig. 12, plate 11. a wire ring, to the circum- 
fetence of which ſome ſmall pieces of thread 
are tied ; the projecting piece from the ring fits 
into the ſtand, belonging to the plates and ſtand : 
2 a wire with a few ſhort pieces of thread fitting 
into the conductor. 5 

Fig. 22, 23, 24, 25, 26, 27, ſmall cylinders of 
wood or braſs tubes on inſulating ſtands, fur- 
niſhed with pith balls; four tubes and ſtands are 
generally enough. The experiments with this 
little apparatus are intereſting and inſtructive. 

Fig. 3, plate II. repreſents the univerſal diſ- 
charger; an inſtrument which 1s of very exten- 
ſive uſe in forming communications to direct or 
convey the electric ſhock through any part of a 
given ſubſtance. Many examples of the utility 
of this inſtrument will occur in the courſe of 
this Eſſay. | 

AB, fig. 3, is the baſe of the univerſal diſ- 
charger; on this are fixed two perpendicular 
glaſs pillars C, D; on the top of each of theſe 
is cemented a braſs cap, to which is fixed a 
double joint, or one which has both a wertical 
aud horizontal motion; on the top of each joint 

is a ſpring tube which receives the wires E T, 
E F; theſe wires may be ſet at various diſtances 
from each other, and turned in any direction ; 

the extremities of the wires are pointed, the 
I. points 


RR 


5 
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points are covered occaſionally by the braſs 
balls, which are made to fit on the wires by 
ſpring ſockets: G H is a ſmall wooden table, 
on the ſurface of which a ſlip of ivory is inlaid; 
this table is furniſhed with a cylindrical ſtem, 
which fits into a cavity of the pillar I; it may 
be raiſed occaſionally to various heights, and 
fixed at any one of them by the ſcrew K. 

Fig. 4, plate II. is a little wooden preſs, fur- 
niſhed withua ſtem, which fits the cavity in the 
pillar J. fig. 3, into which it is to be placed 
occaſionally, when the table G H is removed. 
The preſs conſiſts of two boards, which are 
brought cloſe to each other by means of the 
ſcrews aa. 

Fig. 5, plate IF. is Mr. Kinnerſley's elec- 
trical air thermometer; a b is a glaſs tube, on 


each end of which a braſs cap is cemented; cd 


is a ſmall glaſs tube, open at both ends, which 
paſſes through the upper, and deſcends nearly to 
the under plate: a box ſcale, which is divided 
into inches and tenths of inches, is fitted to the 
upper part of this tube; g is a braſs wire with 
a ball on it, which is ſcrewed to the under plate: 
a ſimilar wire fh is made to paſs through a col- 
lar of leathers on the upper plate, and may be 
placed at any convenient diſtance from the lower 


wire. 


Fig. 
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Fig. 1, plate II. a Temicitcular diſcharging 
Fig. 2, plate II. a jointed ditto, Theſe 
have been already deſcribed. 

Fig. 6, plate II. a quadrant elefrometer. 

Fig. 9, plate II. Mr. Town/end's eletIrometer. 
Theſe inſtruments will be een under the 
article electrometers. 


Of the Apparatus figured in Plate III, IV, v. 


Fig. 34, plate III. the electrical flyer conſiſts 
of two ſharp pointed wires, Jointed at the cen- 
ter; the ends of the ſame wires are bent con- 
trary ways; the center at K is a ſmall con- 
cavity, that the flyer may be placed on the 
pointed end of the wire L; the wire L is to be 
placed in one of the holes on the top of the 
conductor; when electrified, the flyer will turn 
with as much velocity as the flyer of a common 
jack. 

Fig. 35, plate III. repreſents a ſimilar flyer, 
acting in a different poſition, the axis being at 
right angles to the flyer, with two ſmall pullies, 
one at the end of each axis; the wires MN, 
OP, ſhould be inſulated, and the inclination to 
the horizon very ſmall. |, 

Fig. 36, plate III. a flyer acting as a crane 
to raiſe a ſmall weight. 8 
1 | L 2 „ _ 


148 AN ESSAY ON ELECTRICITY, 


Fig. 37, plate III. a ſet of flyers. | 
Fig. 31, plate III. he ſpiral tube, compoſed 
of two glaſs tubes, one within the other, and 
cloſed with two knobbed caps of braſs. The 
innermoſt tube has a ſpiral row of ſmall pieces 
of tin-foil ſtuck upon it's outſide ſurface, and 
laying at a ſmall diſtance from each other: it is 
to be held by one end; the other end is to be 
preſented ſo as to take ſparks from the prime 
conductor, which will be ſeen im a pleaſing 
manner at all the interſtices between the ſpots 

of tin-foil. | 
Small round pieces of tin-foil are ſometimes 
ſtuck on flat pieces of glaſs, one ſide of the glaſs 
1s painted with d:ferent tranſparent colours ; the 
ſpark feen through theſe appears of the colour 
thraugh which it is ſeen. 
big. 32, plate III. a Inminous word acting 
upon the ſame principles; the word is formed 
by ſmall feparations made in the tin-foil; a 
chain is to be ſuſpended from the hook h; the 
ball G is to be preſented to the conductor ſo as 
to take ſparks therefrom. | 
Fig. 98, plate V. a /et of ſpiral tubes placed 
round a board; in the center of the board is an 
inſulated pillar, on the top of this is a braſs. 
cap, carrying a ſmall ſteel point; a braſs wire 
furniſhed with a ball at each end, and nicely 
2 balanced, 
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balanced, is placed on the point. The middle 
of this wire ſhould receive the ſparks from the 
conductor, or a bent wire and ball affixed to 
the conductor. 

Fig. 38, pl. III. the apparatus ſold at the 
glaſs-ſhops for making inflammable air. 

Fig. 39, plate III. She electrical piſtol for firing 
inflammable air. This piſtol is to be filled with 
inflammable air, as deſcribed in theſe Effays ; a 
,cork is to be put into the end a c, to prevent the 
eſcape of the air; fig. 41, a ſmall cap to be 
taken off when the piſtol is in uſe; under this 
cap is the braſs ball n, fig. 40, which is to re- 
ceive the ſpark from the prime conductor. 

Fig. 40, plate III. repreſents the part within 
the piſtol, by which the ſpark paſſes through 
and fires the inflammable air. 

Fig. 49, plate III. the articles within the line 
of this figure conſtitute what is called the Com- 
FOUND APPARATUS; it is certainly a moſt intereſting 
part of the electrical apparatus, as well from the 
variety, as importance of the expertments performed 
with it. As it is particularly deſcribed in the 
courſe of this Eſſay, 1 ſhall ſay but little of it 
here: it conſiſts of two ſmall Leyden phials 
H, I, one of them (H) furniſhed with a braſs 
belt; an exhauſted flaſk E which is called the 
Leyden vacuum; an exhauſted tube C, D, termed 
the luminous conductor; an inſulating pillar A, 

L 3 p on 
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on a foot B; M a board, to put occaſionally on 
the top of the pillar K L; two wires to ſcrew 
to different parts of the apparatus. 

Fig. 42, 43, 44, 48, 50, 51, 52, 54, 55, 56, 

57, plate III. 59, 60, 61, 62, plate IV. repre- 
ſent ſome of the various experiments which may 
be performed by the compound apparatus. 

Fig. 45, plate III. repreſents a jar with move- 
able coatings : the innermoſt coating is to be 
taken out by the ſilk ſtrings f, and the jar then 
lifted out from the external coating, 

Fig. 46, plate III. repreſents what is called 
the /potted bottle ; the outſide being coated with 
little pieces of tin-foil, which are placed at a 
ſmall diſtance from cach ather. 

Fig. 47, plate III. ' repreſents the double bottle, 
one being placed on the top of the other ; with 
this many curious experiments may be per- 
formed . 8 
Fig. 53, plate III. the belted botile, deſigned 
to prove the direction of the electrical fluid in 
the charging and diſcharging of the Leyden 
phat, | 
. *. Fig. 58, plate III. the Leyden bells : an inter- 

eſting apparatus, which affords much amuſe- 
ment, while it illuſtrates clearly the nature a 
the Leyden phial. | . 

Fig. 63, 64, plate IV. > CA with * 


univerſal diſcharger. 
Fig. 
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Fig. 65, plate IV. repreſents a battery con- 
fiſting of 9 jars. 

Fig. 66, plate IV. an apparatus for rendering 
eggs luminous. Rs 

Fig. 67, 68, 6g, 71, 72, plate IV. experi- 
ments tending to ſhew the influence of knobg 
and points in producing an electrical exploſion. 

Fig. 73, plate IV. an electrical cannon, 

Fig. 74, 75, plate IV. an clectrophorus. 

Fig. 76, plate IV. Mr. Cavallo 8 . 
electrometer. 

Fig. 78, plate IV. a conductor and electro- 
meter adde with an electrical kite. f 

Fig. 77, plate IV. a ſmall pail and pipe, ſor 
ſhewing the ſubdivifions of fluids by electri- 
City. | 

Fig. 84, $5, 86, 88, 93, 100, plate V. are 
different articles of a medico-electrical appa- 
ratus. . 
Fig. 85, plate V. a Lodeu phial, with a me- 
dical electrometer fixed to the top of it, and 
two directors, one connected with the top, and 
the other with the bottom of the jar ; the figure 
xepreſents the manner of paſſing a ſhock through 
the arm. 

Fig. 86, plate V. a I exd-n ;hial, electromes 
ter, and electrical forceps. 

Fig. 100, plate V. a director and {mall bottle, 

L 4 | in 
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in the form of a director, for conveniently giv- 
ing ſmall ſhocks. 

Fig. 93, plate V. a pair of directors and 
wooden point. 

Fig. 84, plate V. two glaſs tubes, with wires 
paſſing through them, for communicating elec- 
tricity to the ear. 

Fig. 88, plate V. a tube for throwing fluids 
on any part of the body. 

Fig. 89, plate V. is a perſpective view of the 
, powder-houſe; the fide and the roof next the 
eye being omitted, that the inſide may be more 
conveniently ſeen, The front of this model is 

fitted up like the thunder-houſe, and is uſed in 
the ſame manner; the ſides of the houſe, the 
back, and fore-front, are joined to the bottom 
by hinges; the roof is divided into two parts, 
which are alſo faſtened by hinges to the ſides; 
the building 1s kept together by a ridge on the 
roof; when the roof is blown up, it will fall 
down with the ſides, the back, and fore-front. 
Io uſe this model, fill the ſmall tube a with 
gun-powder, and ram the wire c a ſmall way in 
the tube; then connect the hook e with the bot- 
tom of a large jar or battery; when the jar is 
charged, form a communication from the hook 

d to the top of the jar; the diſcharge will fire 
the powder, and the exploſion of the gun-pow- 
der 
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der will throw off the roof, and the ſides, the 
fore and back fronts will then all fall down. 

Fig. 90, plate V. repreſents a wooden pyra- 
mid, deſigned to fhew the experiments which 
are made with the thunder- houſe, and is uſed in 
the ſame manner. When the piece a is thrown 
out by the diſcharge, the upper part of the py- 
ramid falls down. 

Fig. 91, plate V. repreſents the inflammable 
air lamp, invented by Mr. Volta, A is a glaſs 
globe to contain the inflammable air; ; a glaſs 
baſon, or reſervoir, to hold water; D is a cock, 
which is to form occafionally a communication 
between the reſervoir of water B, and that of 
air A; the water paſſes into the latter through 
the metal pipe g g, which is fixed to the upper 
part of the reſervoir A; at s is a ſmall cock, to 
cut off, or open a communication with, the air 
in the ball, and the jet K. N is a ſmall pipe 
to hold a piece of wax taper, L a braſs pillar, 
on the top of which is a braſs ball; a is a pillar - 
of glaſs, furniſhed at top with a ſocket; a wire 
5 {lides i in this ſocket, a ball is ſcrewed on to the 
end of the wire. F is a cock, by which the 
ball A is filled with inflammable air, and which 
afterwards ſerves to confine the air and the water 
that falls from the baſon B into the ball A. 


To uſe this inſtrument, after having filled 
the 


E 
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the refervoir A with pure inflammable air, and 
"the baſon with water, turn the cocks D and S, 
and the water which falls from the baſon B will 
force out ſome of the inflammable air, and cauſe 
it to paſs through the jet K into the air. If an 
electric ſpark is made to paſs from the braſs ball 
to the braſs ball z, the inflammable jet, which 
paſſes through the pipe K, will be fired. To 
extinguiſh the lamp, ſhut firſt the cock S, and 
then the cock D. 

To fill the reſervoir A a with inflammable air, 
which is to be made in the uſual manner, and 
with the uſual apparatus, having previouſly filled 
A with water, place the foot R under water, on 
& board or ſtool in a large tub of water, that the 
bent glaſs tube, through which the inflammable 

air paſſes, may paſs commodiouſly under the 
foot of the lamp; when the air has nearly dri- 
ven qu all the water, turn the cock F, and the 
apparatus is ready for uſe. This inſtrument is 
convenient to preſerve a quantity of inflammable 
air ready for any occaſional experiment, as char- 
ging the inflamamable air-piſtol, &c. It is alſo 
convenient to light a candle for œconomical 
purpoſes, as the ſmalleſt ſpark from an clec- 
trophorus, or a n bottle, is ſuffcient to fire 


the air. 


A. mall battery of W gir-piſtabs is ocea- 
fionally 


AN ESSAY ON ELECTRICITY. 15g 


ionally made, that affords conſiderable amſe-- 
ment; as either one piſtol, or the whole tage- 
ther, may be fired at the pleaſure of the qpe- 
rator. 

Fig. 92, plate V. repreſents a ſmall glaſs 
tube, ſtopped at ane end with 2 piece of cork ; 
k is a wire which paſſes through a picce of cork, 
fitted into the other end of the tube; the upper 
part of the wire is furniſhed with @ braſs ball; 
the end of the wire within the tube is bent at 
right angles to the reſt of the wire. 

Fig. 94, plate V. a glaſs tube and wire, far 
making experiments on the conducting power 
of water. 

Fig. 96, 97, plate V. Mr. Brooke's electro- 
meter. 

Fig. 80, 81, plate V. apparatus for atmoſphe- 
rical electricity, contrived by Mr. Cavallo. 

Fig. 100, plate I. electrical appearances from 
Mr. Bennet's work. 

The many alterations that have been nth in 
the plates of this work ſince the publication of 
the firſt edition, made in conſequence of im- 
provements in the ſcience itſelf, have rendered 
it almoſt impoſſible to keep the numbers; but 
from the care taken, by giving an account of 
the different articles in this chapter, it is hoped 


that the reader will meet with no difficulties on 


this head, 
Fig. 
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Fig. 1, 2, 3, 4, 5, 6, 7, plate I. electric ap- 
pearances as deſcribed by Mr. Nicholſon. 

Fig. 8, plate I. an electrical machine with 
a ſimple winch. 

Fig. 9, plate I. an electrical doubler. 

Fig. 10, plate I. Mr. Bennet's electrometer. 

Fig. 11, 12, 13, plate I. Mr. De Sauſſure's 
electrometer. 
Fig. 14, 15, 16, 17, plate I. experiments on 
alr. | 

Fig. 18, plate I. Mr. Bennet's apparatus for 

atmoſpherical experiments. * 
Fig. 19, 20, plate I. experiments with Mr, 
Bennetẽs electrometer. 
Fig. 22, plate I. the ſpider- bottle. 
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CEA FI 


ENTERTAINING EXPERIMENTS BY THE ATTRAC= 
TION AND REPULSION OF LIGHT BODIES, WITH 
SOME REMARKS ON ELECTRICAL ATTRACTION. 


_—_— philoſophical ſciences afford ſo much 
entertainment as electricity: in it the uſeful 
and agreeable are intimately blended ; and the 
philoſopher, while he is inveſtigating the ab- 
ſtruſe parts, is entertained by the variety and 
beauty of the experiments, which confirm or 
diſprove the hypotheſis he wiſhes to eſtabliſh. 


EXPERIMENT XXXIV.—Expanded feather. Fix 
the end A of the wire A B, fig. 10, pl. II. in the 
ſmall hole which is at the end of the prime con- 
ductor; turn the cylinder, and the feathers, which 
are connected with the wire by linen threads, 
will ſeparate from each other; the fibrous and 
downy parts will become turgid, and expand 
in a pleaſing manner, in a variety of directions. 

Preſent a metallic point, the finger, or any 
other conducting ſubſtance to the feathers, the 
downy parts thereof will immediately collapſe, 
the divergence of the feathers will ceaſe, and 


they 
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ing — within the ſphere of their action. 


158 AN ESSAY ON ELECTRICITY. 


they will approach each other, and cling round 
the non- electric body. . 


The feathers ſeparate from each other, and 
tend towards uncledtrified bodies, from the effort 
made by the electricity which is communicated 
to them to diffuſe itſelf, and the reſiſtance it 
meets with from the air. 

A mutual attraction is exerted between a body 
that is electrified, and one which is in it's na- 
tural or unelectrified ſtate ; which laſt, if not 
large and heavy, will fly through the air to the 
electrified body, where they remain till they 
have, by the communication, acquired the ſame 
ſtate, when they are repelled. If a conductor 
which is not inſulated be at hand, it will attract 
the ſmall body thus electrified, and-deprive it 
of it's electric ſtate ; ſo that it will be again at- 
tracted by the electrified body, and repelled as 
before; and will continue to paſs and repaſs 
between the two, till the electric ſtate is en- 


tirely deſtroyed. 


g EXPERIMENT XXXV.—Cork ball eleFromiter. Fix 
the end C of the wire C D, fig. 11, pl. IL into the 


hole at the end of the conductor, put the ma- 


chine in action, and the two ſmall balls, c d, 
will recede from each other. Bring a eonduct- 


and 


. 
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and they will fly towards it; touch the condues 
tor with a non- electric, and they will immedi- 
_ ately come together. * 
The balls do not always diverge ſo much as 
might be expected from the action of their at- 
moſpheres, becauſe they are influenced by that 
of the conductor. 
The balls, or feathers, will feparate, &c. in 
the ſame manner, if they are annexed to à ne- 
gative conductor. * 
EXPERIMENT xXXVI.—Animated thread. Phe. 
ſent a fine thread towards an electrified conduc 
tor; when it is at a proper diftance, it will fly 
towards, and ſtick to the conductor, and convey a 
the electric fluid from it to the hand; remove 5 
the thread to a ſmall diſtance from the conduc- 
tor, and it will fly backwards and forwards with 
great velocity, and in a very pleafing manner : , 
preſent the ſame thread towards one that hangy 
from the conductor, they will attract and join 
each other. Bring a non-elefric body, as a 
braſs ball, near theſe threads, the ball will re- 
pel that held by the hand, and attract that 
which is affixed to the conductor: the upper 
thread renders the braſs ball negative, and there- 
fore goes towards it; while the under thread, 
which is alſo negative, is repelled, Let the batl 
be brought near to the lower part of the undet 
| ot, 
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one, and it will be attracted by it. The junction 
of the threads ariſes from the effort the electric 
fluid makes to diffuſe itſelf through them. 
 ExPERIMENT XxXVII.—Radtating threads. To 
the edge of the braſs hoop b c d, fig. 12, 
pl. II. are faſtened, at equal diſtances from 
each other, ſix or ſeven pieces of thread, about 
four inches long; a wire proceeds from the 
hoop, which fits into a cavity in the pillar D; 
2 e is a braſs wire, to one end of which are 
faſtened ſeveral ſmall pieces of thread; fit the 
plain end of the wire into the hole at the end 
of the conductor, place the hoop be d at right 
angles to the wire z e, and directly over the 
threads at the end 2; turn the cylinder, and the 
threads tied to the hoop will be attracted by 
thoſe which are faſtened to the wire ze, and will 
point towards each other as ſo many radii of a 
circle. The electric fluid paſſes from the threads 
of the wire into thoſe of the hoop, and thus 
occaſions the ſeeming attraction between them. 
Place the hoop bed on an inſulating ſtand, 
and when it is ſaturated with the electric matter, 
the threads which are tied to it will be repelled 
by thoſe of the wire; touch the hoop, and they 
will be again attracted. If the hand is brought 
near the threads, they will quit their central 
direction, and move towards it. The ends of 
the threads appear luminous in the dark. 
| | ExrkRI- 
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EXPERIMENT XXXVIII.—Daucing images. Suſ- 
pend the ſmall metal plate F, fig. 13, to the 
conductor by the hook H; place the ſtand I 
directly under it, and the large plate G on the 
top of the ſtand; the upper part of the ſtand I 
is moveable, ſo that the diſtance of the two 
plates from each other may be occaſionally va- 
ried. Lay ſmall paper images, or any other 
light ſubſtances, on the under plate, then put 
the machine in action, and the light bodies will 
be attracted and repelled by each plate, and 
move from one plate to the other with conſi- 


derable velocity. 


The light bodies placed on the under plate 
become poſſeſſed of an electricity which is con- 
trary to that of the upper plate, and are there- 
fore attracted by it, and acquire the ſame elec- 
tricity with it; they are then repelled, and part 
with this electricity to the ſtand, and are again 
in a proper ſtate to be attracted by the upper 
plate. That theſe bodies cannot be attracted by 
the upper plate, till they have acquired a power 
contrary to it, or till the equilibrium of the fluid 
in them is diſturbed, will be evident from the 
following experiment. 

EXPERIMENT XXx1x,—Remove the under plate 
and ſtand, hold in it's ſtead, by one corner, a 

M pane 
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pane of glaſs, which has previouſly been made 
very clean and dry; now, as glaſs does not 
tranſmit the two electricities, no contrariety in 
the electric ſtates of the conductor and the light 
ſubſtances can be occaſioned, and therefore no 
attraction or repulſion 1s obſerved. 

If a finger is preſented ro the under fide of 
the glaſs plate, the light bodies will be attracted 
and repelled : the cauſe of this will be ſeen 
when the nature of the Leyden phial is ex- 
plained. 


Mr. Ecles,* ſpeaking of this alternate attrac- 
tion and repulſion, ſays, they may be agreeably 
varied, by wetting firſt the head of the paper 
images, and when theſe arc dry, wetting the 
feet. | 

« When you dry the head of one of thoſe 
« images, the power thrown out from the con- 
« ductor, cannot enter the image with the ſame 
« facility with which the contrary power from 
« the table enters at the feet, which are not ſo 
 « dry; this will therefore aſcend to the upper 
« plate and remain there. Reverſe the experi- 
* ment; dry the feet and wet the head, and 
« the images will fix themſelves to the lower 
plate. If the image retains ſo much more of 
te the 


* Philoſophical Eſſays, Preface, page 295 
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te the attracted power as will ballance againſt 
& jt's weight, than there is of the contrary 
% power which proceeds from the conductor, 
© the image will be ſuſpended between the two 
te plates. 

« This may be effected by making the head 
* of the image broad and round, which does 
e not admit the power coming out ſo readily as 
e the feet, being ſharp, admit the power going 
« in; a minute alteration will make the images 
« dance, or remain fixed to one of the plates. 


1 


EXPERIMENT XII. — Place a ſquare piece of 
leaf braſs or ſilver on the under plate, hold this 
parallel to the upper one, at about five or ſix 
inches from it, turn the machine, and the leaf 
will then riſe up into a vertical fituation, and 
remain between the two plates, without touch- 
ing either of them. Preſent a metal point to- 
wards the leaf, and it will W fall 
down. N 

ExPERIMENT XII. Moving leaf. Place a braſs 
ball at K, fig. 14, at the end of the conductor, 
and when the leaf of braſs is ſuſpended between 
the plate and ball, move the plate round the 
ball, and the leaf will alſo move round, withour 
touching either ball or plate. 

A glaſs cylinder is occaſionally placed be- 
tween the two metal plates F G, fig. 13, to 

: M 2 prevent 
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prevent bran, ſand, or other light ſubſtances, 
being thrown off. 

EXPERIMENT XLII.—Place two wires directly 
r, and parallel to, each other, ſuſpend one 
from the conductor, let the other communicate 
with the table; a light image placed between, 
theſe, will, when the conductor 1s electrified, 
appear like a kind of electrical rope dancer.— 
See fig. 15. 

ExpERIMENT XIIII. — Electric b. Cut a 
piece of leaf braſs, with an obtuſe angle at one 
end, and a very acute one at the other; preſent 
the large end towards an elettrified conductor, 
and when the leaf braſs is within it's atmo- 
ſphere, let it go; it will then fix itſelf to the 
conductor by the apex of it's obtuſe angle, and, 
from it's continual wavering motion, will ap- 
pear to be animated. 

The next experiment requires conſiderable 
attention to make it ſucceed; as a ſmall differ- 
ence in the apparatus, or in the force of the 
machine, &c. will make it fail: when it an- 
ſwers, it generally affords pleaſure to, and ex- 
cites admiration in, the ſpectators. 

ExPERIMENT XL1V.—PFix the ring NO, fig. 
16, to the end of the conductor; place the plate 
G, fig. 13, on it's ſtand I under it, and at a 


little diſtance from it, put a very light hollow 
| glaſs 
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glaſs ball upon the plate, but within the ring ; 
turn the cylinder, and the little ball will deſcribe 
an orbit about the ring, and turn at the ſame 
time about it's own axis: the poles of it's rota- 
tion are nearly at right angles to the plane of it's 
orbit. 

EXPERIMENT XLV.—Ele#trical bells. Fig. 17 
repreſents a ſmall ſet of bells, the two exterior 
ones are connected to the wire V Y, by a braſs 
chain, the middle bell and the clappers are ſuſ- 
pended on filk. 

Hang the bells on the conductor by the hook 
RS, let the chain from the middle bell touch 
the table, turn the cylinder, and the clappers 
will fly continually from bell to bell, as long as 
the electricity continues. 

The braſs chain, which connects the two 
cxterior bells to the conductor, conveys the 
electric fluid to them, which attracts the clap- 
pers; theſe, when they have received the electric 
fluid, are repelled by the exterior ball, and at- 
tracted by the middle one, on which they depoſit 
their electricity; they are then again attradted 
and repelled by the outer bells. Hold up, by a 
ſilk thread, the chain X, which proceeds from 
the middle bell, and the ringing will. ceaſe, 
becauſe it cannot convey the eleAric fluid com- 
municated by the clappers to the ground, 

M 3 | Fig. 
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Fig. 18 repreſents a more elegant form of 
mounting the bells. When this is uſed, the 
knob a ſhould communicate with the conductor. 

Fig. 19 repreſents another kind. In this the 
elapper is ſuſpended from the fly bed, the axis 
of the fly reſts in a ſmall hole on the top of the 
glaſs pillar e f, the upper part of the axis moves 
freely in, and is ſupported by, a hole in the brafs 
piece g. Bells of different tones are placed 
round the board hI K. Remove the prime 
conductor, and place this apparatus in it's ſtead 
near the cylinder; when this is in action, it will 
cauſe the fly to turn round, the clapper will 
ſtrike each bell in rotation, and thus produce a 
pleaſing and harmonious ſound. 

ExPERIMENT xLvVi.—Take ten or twelve pieces 
of thread, each about ten inches long, tie them 
together at the top and the bottom, as in fig. 20, 
then ſuſpend them from the conductor; the 
threads, when electrified, endeavour to recede 
from cach other, and the knot at the bottom 
rifing upwards as the repulſion of the thread in- 
creaſes, will form them into a ſpheroidal figure. 

EXPERIMENT XLVII. — Flying feather. Bring 
a downy feather, or lock of cotton, near the end 
of an excited tube, or the knob of a charged 
Leyden phial; the feather will at firſt fly to- 
wards the tube, but when it is ſaturated with 
| the 
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the electric matter, it will recede from it, and 
may be driven about the room by the excited 
tube, till it touches ſome non-conductor, to 
which it can impart it's electricity. The ſame 
fide of the feather is always turned towards the 
tube; becauſe the electricity acquired by the 
feather is forced, by the action of the tube, to 
that ſide which is fartheſt from it, which is 
therefore repelled. 

It is eaſy to perceive, from this and the fore- 
going experiments, hat it is not the mere matter 
zwhich is attrafted; but that the different pbæno- 
mena are occaſioned by the late of the electric fluid, 
in thoſe ſubſtances which are influenced by the 
machine. 

EXPERIMENT XIVIII.— Dancing balls. Put a 
wire into one of the holes which are at the end 
of the conductor, hold a glaſs tumbler over the 
point, then electrify the conductor, and turn 
the tumbler round, that the whole interior ſur- 
face may receive the fluid from the point; place 
a few pith balls on the table, and cover them 
with this glaſs tumbler; the balls will imme- 
diatcly begin to leap up and down as if they 
were animated, and will continue to move for 
a long time, See fig. 21. 

This experiment may be agreeably varied 
with two tumblers. Electrify the inſide of one 

| TY poſitively, 
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poſitively, of the other negatively; put the balls 


in one tumbler, and then bring the mouths of 
both in contact, the balls will paſs from one to 
the other, till the contrariety between them is 
deſtroyed. | 


CHAP. 
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C. HAP. VII: 


Tur PROPERTIES Or ELECTRIC ATTRACTION 
AND REPULSION, ILLUSTRATED BY EXPERI- 
MENTS ON LIGHT BoDIEs. 


ATURAL philoſophers were originally 

incited to conſider the nature of electri- 
city from it's ſtrong attractive and repulſive 
powers. The phenomena exhibited by thoſe 
myſterious properties are ſo various and ſo plea- 
ſing, that they were led, as by enchantment, to 
purſue the ſubject; and have been richly re- 
warded by the diſcoveries, which are both in- 
tereſting and important. 

The powers of genius have been exerted with 
induſtrious ardour to inveſtigate the cauſes of 
thoſe properties ; but they are ſtill involved in 
deep obſcurity, and we are ſtill totally ignorant 
of that mechaniſm by which light bodies, when 
electrified, approach to or recede from each 
other, 

To enter into a diſcuſſion of the difficulties * 
which perplex this ſubject, would lead me too 

| 8 far 

EM Qui pourroit concevoir qu'un corps agit ou il n'eſt 
pas; fans aucun intermede? Deux particules de matiere 
| & ſont 


| 
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| 
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far from the deſign of this Eſſay; I ſhall, there- 
fore, proceed to ſtate thoſe general properties, 


or modes of action, which are obſerved in elec- 


tric attraction and repulſion, and then deſcribe 
the experiments from which thoſe properties 
have been deduced, or by which they are illuſ- 
trated. 


GxNVERAL PROPERTIES o ELECTRICAL ATTRAC® 
TION AND REPULSION. 


r. The electric fluid, when in action, diſpoſes 
or places light bodies in ſuch manner as will beſt 


facilitate it's tranſmiſſion through them, with 


the greateſt velocity; and this in proportion to 
the gravity of the body, it's conducting power, 
and the ſtate of the air. | 

2. Bodies that are electrified poſitively repel 
each other. 

3. Bodies electrified negatively repel each 
other. 

4. Bodies lecified by contrary powers at- 


tract each other ſtrongly. 
5. Bodies 


& ſont a cent milles lieues, ou à cent milliemes parties d'un 
© ligne de diſtance l'un de F autre, ſans aucune communi- 
© cation materielle entrelles, et a Voccafion de Vune I autre 
« ſe mouvroit!!”” De Luc, Lettres Phyſiques, &c. 
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5. Bodies that are electrified, attract thoſe 
ſubſtances which are not electrified. 

6. Thoſe ſubſtances that are brought within 
the influence of electrified bodies, become poſ- 
ſeſſed of a contrary electricity; or electrified 
ſubſtances, without parting with their own clec- 
tricity, act upon other bodies in their neigh- 
bourhood, producing in them an electricity 
which is contrary to their own ; or bodies which 
are immerged in an electric atmoſphere, always 
become poſſeſſed of an electricity contrary to 
that of the body in whoſe atmoſphere they are 
immerged. 

The experiments deſcribed in this chapter are 
ſimple, eaſily performed, and certain in their 
reſults; and, though they may at firſt ſight 
appear to be trifling, yet, on attentive exami- 
nation, they will be found of conſiderable im- 
portance, as they afford a clue to inveſtigate 
and explain a variety of ele&ris phænomena, 
and exhibit, in a ſtrong point of view, ſome of 
the contrary effects of negative and poſitive 
clectricity. 

Theſe experiments may all be made with a 
ſmall and portable apparatus; conſiſting gene- 
rally of two braſs tubes, as A and B, fig. 22; 
each of theſe is ſupported on a glaſs pillar G, 
which ſcrews into a wooden foot H; a pair of 

ſmall 


172 AN ESSAY ON ELECTRICITY. 


ſmall pith balls ſuſpended on linen threads, as 
I, K, fit upon each tube by means of a ſmall 
braſs ring; theſe tubes, with a piece of ſealing- 
wax or a glaſs tube, are ſufficient to illuſtrate 
the greater part of the experiments in this chap- 
ter, as well as ſome of the principal phanomena 
in electricity. 

The apparatus will be rendered more com- 
plete, when it conſiſts of four braſs tubes with 
their ſtands. 

Mr. Wilſon, in a maſterly tract on this ſub- 
ject, entitled, A ſhort View of Electricity,“ 
has, with a ſimilar apparatus, explained and 
illuſtrated all it's general principles, 


Experiments on the two Eleftric Powers, 


_ ExperRIMENT x1.1x.—Touch a pair of inſula- 
ted pith balls with an excited glaſs tube, they 
will become electrified, and will ſeparate from 
each other; the balls are electrified poſitively, 
and are therefore attracted by excited wax, and 
repelled by excited glaſs. 

As thoſe light ſubſtances, which poſſeſ⸗ the 
ſame electric power, repel each other; we can 
eaſily diſcover wether they are electrified poſi- 
tively or negatively, by preſenting an excited 
ſick of ſealing- wax or glaſs to them, If they are 

attracted 


AN ESSAY ON ELECTRICITY, 179 


attracted by the glaſs, they are negatively, if 
repelled by it, they are poſitively electrified ; on 
the contrary, if repelled by the excited wax, 
they are negative, if attraQted, poſitive. 
In aſcertaining the nature of the electric 
powers, we muſt avoid bringing the bodies to 
be tried near each other ſuddenly ; or one with 
a ſtrong electricity near another which is weakly 
ſo; as 1t may render the experiment doubtful 
by attracting and not repelling the light body. 
EXPERIMENT L,—Hold an excited glaſs tube 
over one of the braſs tubes, but at ſome diſtance 
from it; part of the natural quantity of electricity 
contained in the braſs tube will be driven into 
the pith balls that are annexed to it, by the ex- 
cited glaſs, the balls will diverge with poſitive 
electricity; remove the excited glaſs, the balls 
will then return to their natural ſtate, and cloſe. 
If the excited glaſs continues in it's place, the 
balls will continue to be repelled; for the ex- 
cited ele@ric will always continue to ſeparate the 
powers of electricity, or in other words to force 
a quantity from the ſurface of the tube; and will 
alſo prevent it's return, ſo long as it continues 
of the ſame force, and acts at the ſame diſtance. 
The nearer the excited electric is brought, the 
greater is the effect. | 


The ſphere of action of an excited electric 
has 
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has been diſtinguiſhed into two parts, one 
termed the /phere of influence, in which the balls 
will ſeparate, but cloſe when the electric is re- 
moved; the other is called the /phere of com- 
munication, in this the force acquired by the 
balls remains after the excited electric is re- 
moved. 

ExPERIMENT II. Electrify the pith balls that 
are ſuſpended from the braſs tube A, fig. 27, 
then bring the end of this tube in contact with 
the end of the tube B, the balls of- which are 
un-electrified ; the ſtock of electricity given to 
the tube A will be equally divided between each 
pair of balls, thoſe of the tube B will open, and 
thoſe of A will cloſe a little, 

EXPERIMENT III.— Electrify the tubes A and 
B, fig. 27, equally and with the ſame power, 
put the ends of the tubes together, and the di- 
vergence of the balls will not be altered. 

ExeERIMENT III. — Electrify the tubes 
equally, bur with the different powers, one 
with glaſs, the other with wax, bring the ends 
of the tubes in contact, and the balls will cloſe. 

We learn from theſe experiments, that the 
poſitive. and negative powers counteract each 
other ; whence, if both are apphed at the ſame 
time to any body, the electricity it acquires will 
be only the difference of the two, and conſc- 


quently that of the ſtrongeſt. 
ExrrRI- 
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EXPERIMENT LIV, — Hold an excited glaſs 
tube to one of the braſs tuhes, touching this 
tube at the ſame time with your finger, part of 
the natural quantity of the electric fluid reſident 
in it will be forced by the excited glaſs tube 
into the finger ; remove at the ſame inſtant the 
finger and glaſs, and the balls will remain ne- 
gatively electrified. | 

ExezrinenT Lv.—Place the braſs tubes, A 
and B, fig. 22, in a ſtrait line with their ends 
in contact, hold the excited glaſs over the tube 
A, part of the electric fluid naturally reſident in 
this will be driven into B; ſeparate the tubes, 
the balls of A will be negative, and thoſe of B 
will be in a poſitive ſtate ; bring them together 
again, and the balls will cloſe. 

The tube A was in the foregoing experiment 
electrified with the negative power, B with the 
poſitive ; but when they were brought together 
the equilibrium was reſtored ; evincing that no 
addition of electric matter was communicated 
to them; but that the natural powers of elec- 
tricity reſident in the tubes were ſeparated by 


the atmoſphere of the excited electric; and 
proving the co-exiſtence of the two powers in 
every ſubſtance. For the electric fluid, accord- 
ing to Mr. Eeles, conſiſts of two elaſtic me- 


diums, which equally and. ſtrongly attract each 
other, 


176 AN ESSAY ON ELECTRICITY, 


other, and are attracted by all other matter. 
Therefore when any body is immerged in an 
electric atmoſphere, this atmoſphere repels the 
power which is of the ſame kind in the body, 
and equally attracts that which is of a different 
kind in the ſame body; and while theſe bodies 
remain immerged in this atmoſphere, the powers 
remain ſeparated, different atmoſpheres exiſting 
and acting at each end. But when the electric is 
removed, the two powers inſtantly join, and be- 
coming equal do not manifeſt any ſenſible action. 
ExPERIMENT IVI.—Inſulate a long metallic 
rod, ſuſpend a pair of pith balls from each end 
of it, place one of the ends at about two inches 
from the prime conductor, the other end as far 
from it as poſſible, electrify the conductor, and 
the electric fluid in the rod will be driven to 
that end which is furtheſt from the conductor; 
fo that one end will be electrified negatively, the 
other end poſitively, as will be ſeen by the balls. 
EXPERIMENT LVII. Apply a flick of excited 
wax to the tube D, fig. 23, as at A; while it 
remains there, the balls I open with negative 
electricity; raiſe the wax, as at B, and the balls 
_ will cloſe; raiſe it ſtill higher to C, and they 
will open with poſitive electricity. 
'ExPERIMENT LVIII.— Excited glaſs held over 
the middle of the tube A, fig. 24, forces ſome 
part 
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part of the natural quantity of electricity of A 
into the balls, and ſome part out at the two ends 
into the air. During this experiment, the balls 
of A are repelled by glaſs, and are thereſore in 
# poſitive ſtate ; but, after the excited glaſs is 
removed, they in a very little time change to 
a4 negative ſtate, becauſe part of the natural 
quantity had eſcaped from the pointed ends into 
the air; while the glaſs was held over the tube; 
but, when the glaſs is removed, the over-charge 
in the balls will of courſe return, and diffuſe it 
ſelf equally in the tube; bur as this is not ſuffi- 
cient to ballance the loſs ſuſtained, the tube, 
thread, and balls muſt be in a negative ſtate.“ 
u 

ExPERIMENT Iix.— Place three tubes, A, B. 
C, fig. 25, in a line near to, or in contact with, 
each other; excited glaſs held over A forces 
out part of the natural quantity of fluid con- 
tained in A into B and C; ſeparate A from B 
and C, A will be electrified negarively,/B)and 
C will be ina poſitive ſtate. Put the three piibes 
into their former ſituation, the equilibrium will 
be reſtored, and the balls will collapſe. : 
ExpkxiMtENT ix.—Place four tubes; as A, 
B, C, D, fig. 26, in contact vith each other; 
excited glaſs held over A forces part of the fluid 

N contained 
Wi 
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contained in it into B, the quantity received in 


B will force out a certain portion from C into D; 
the moment before the excited glaſs is removed 
from A, ſeparate B and D from A and C, after 
which it will be found, that A and C are in a 
negative, and B and D in a poſitive ſtate,* 
 ExPERIMENT IXI. Excited glaſs held at 
about one inch diſtance from the end B, of a 
ſolid cylinder of glaſs B, D, fig. 28, plate III. 
which is fix feet long, and about half an inch 
diameter, will force part of the fluid at the end 
Btowards the remote end D; but, in doing this, 
the natural quantity belonging to the glaſs will 
undergo ſeveral alterations, which are diſcovered 
by the effect an excited glaſs tube has on a num- 
ber of pith balls, which are ſuſpended at equal 
diſtances from each other between B and D; in 
a little ſpace of time the electricity: of theſe is 
changed, thoſe that were poſitive will become 
negative, and thoſe that were negative will be- 
come poſitive. | 
If the excited glaſs is held in contact with the 
end B, the additional quantity received at B will, 
in going towards D, cauſe ſeveral alterations in 
the denſity of the fluid in B D; but theſe altera- 


tions will be converſe to the former, and after a 
little. time will alſo be reverſed. 


* Ibid. p. 8. 
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It may be inferred from theſe experiments, 
that whenever the electric fluid in any body be- 
comes ſuddenly more denſe in any one part, the 
fluid in the neighbouring parts will be more 
rare, and vice verſa. Theſe alternate changes 
of rarity and denſity muſt, from the nature of an 
elaſtic fluid, continue to oſcillate many times 
backwards and forwards before the fluid can be 
at reſt; though, when theſe motions are weak- 
ened to a certain degree, they are * 
to the obſerver.“ 

Moſt of the preceding —— may be 
made with cylinders of wood or glaſs, inſtead of 
braſs. When glaſs is uſed, it muſt be * dry 
and not diſturbed by friction. 

It is not improbable that the attractive and 
repulſive motions of electrified bodies are owing 
to the alternate condenfation and dilatation of 
the electric fluid on the ſurface of thefe bodies, 
as they are naturally carried where they meet 
with the leaſt reſiſtance, 

That there is a vibratory motion, or ſuuggle, 
between the electric fluid, when in action, and 
the air, is evident from that ſenſation which is 
felt when a ſtrongly excited electric is brought 
near any part of the human body; and is ſuch 
as would be occaſioned by a ſpider's web drawn 

N 2 lightly 


5 mie. p- 18. 
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lightly along the ſkin. This circumſtance is 
rendered more clear by an experiment made by 
Dr. Prieſtley, in order to diſcover whether elec. 
tricity was concerned in the freezing of water. 

EXPERIMENT LXII.— He placed two diſhes 
with water in the open air in the time of a ſevere 
froſt, one of them he kept ſtrongly electrified, 
and could obſerve no difference m the time 
when it began to freeze, or in the thickneſs of 
the ice when it had been frozen ſome time; but 
he obſerved, on each ſide of the electrified wire, 
the ſame dancing vapour which is feen near the 
ſurface of the earth in a hot day, or at any time 
near a body ſtrongly heated. | | 

An electric ſubſtance contained between pa- 
rallel ſurfaces, however diſpoſed, is called an 
electric plate. 

EXPERIMENT LXIII.— Electrified ſubſtances 
will attract thoſe which are not electrified, 40 


though a thin electric plate be interpoſed: between 


them. | h 
ExXPERIMENT LX1V. - Bodies elefFrified with 
contrary powers, attract each other ſtrongly, 
although an eletric plate be interpoſad between 
them > and indeed all thoſe phenomena, Whiek 
depend on the influence of the electric armo- 
ſpheres, may be produced, although an electric 
is interpoſed between the body and excited 
electric. 


The 
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The above-mentioned experiments ſhew clearly 
that electrics. are permeable by the ſeparated 
ſtates of this fluid : theſe experiments have been 
introduced before in another part of the work. 

To account for any of the phænomena of 
electric attraction and repulſion, is very difficult, 
but more ſo to ſhew why bodies, which are 
electrified with the fame power, repel each 
other, particularly thoſe which are negatively 
electrified. Philoſophers have invented various 
folutions of this difficulty; the following is 
eſteemed the beſt, 

« To underſtand why bodies, poſſeſſed of 
the ſame electricity, repel each other, the reader 
muſt be reminded of the following principle, 
viz. that the electric fluid, proper to a body, 
can be neither augmented nor diminiſhed on the 
ſurface of that body, except the faid ſurface is 
contiguous to an electric, which can acquire a 
contrary electricity at a little diſtance - from 
whence it follows, that no electricity can be 
difplayed on the facing ſurfaces of two bodies, 
which are ſufficiently near cach other, and both 
poſſeſſed of the ſame electricity, becauſe the air 
that lies between them has no liberty of ac- 


qurring a contrary electricity. This being pre- 


N 3 miſed, 
5 Cavallo's complete Treatiſe of Electricity, p. 110. 
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miſed, the explanation of electric repulſion be- 
comes eaſy. Suppoſe, for inſtance, that two 
ſmall bodies are freely ſuſpended by inſulated 
threads, ſo that, when they are not clectrified, 
they hang contiguous to each other: now ſup- 
poſe theſe bodies to be electrified poſitively or 
negatively, and they muſt repel each other; for 
either the increaſed or diminiſhed quantity of 
the electric fluid in theſe bodies, will endeavour 
to diffuſe itſelf equally over every part of the 
ſurfaces of theſe bodics, and this endeavour will 
cauſe the bodies to recede from cach other, ſo 
that a quantity of air may be interpoſed between 
their ſurfaces ſufficient to acquire a contrary 
electricity, at a little diſtance from the ſaid ſur- 
faces; otherwiſe, if the bodies poſſeſſed of the 
ſame electricity do not repel each other, ſo that 
a ſyffticient quantity of air may be interpoſed 
between their ſurfaces, the increaſed quantity 
of electric fluid, when the bodies are clectrified 
poſitively, or the remnant of it, when, they are 
electrified negatiyely, cannot be diffuſed equally 
over the ſurfaces of theſe bodies; for no elec- 
tricity can appear upon the ſurfaces of bodies in 
contact, or that are very near each other: but 
the electric fluid, by attracting the particles of 
matter, endeavours to diffuſe itſelf equally over 
the ſurfaces of theſe bodies, and the bodies are 


by this endeavour forced to repel each other.“ 
The 


AN ESSAY ON ELECTRICITY. 183 


« The difficulty is not, however, ſolved by 
this theory, which only explains one fact by an- 
other, which requires as much explanation as 
the firſt : but overlooking this, it is ſtill inſuf- 
ficient; for granting that bodies negatively 
electrified, ought to repel each other, till the 
electricity is equal!y diffuſed over their ſurfaces, 
yet when this is accompliſhed, the repulſion 
ought to ceaſe. Further, there is no reaſon for 
ſuppoſing the electrification to take place while 
the bodies are in contact, or nearly ſo. One 
may be electrified negatively in one corner of a 
room, and another in the other. The elefrifi- 
cation may alſo be continued for any length of 
time we pleaſe. So that the electric matter 
muſt have diffuſed itſelf equally over the ſur- 
faces of both. Yet, if we attempt to bring theſe 
bodies together, they will repel each other, 
which ought not to be the caſe on the CRE Dn 
ſuppoſition.” | 

« + Poſitive electricity has been ſuppoſes by 
another to conſiſt of a vibratory motion in the 
air and electric fluid, in which the force of the 
vibration is directed outwards from the electric 
body: that in negative electricity there is alſo 
a vibratory motion, but the force is directed 

l N 4 inwards. 


0 Encyclopzdia. Britannica, p. 2683. 
+ Ibid, p. 2099. 
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inwards. Now let us ſuppoſe a body poſitively 
electrified, ſuſpended by a ſmall thread, at a 
diſtance from any other, the vibratory motion 
being kept up by an equal preſſure on all fides, 
the body is neither moved to one fide nor an- 
other ; but when a negatively electrified body is 
brought near, the force of the vibration being 
directed outwards in the one, and inwards in 
the ather, the preſſure of the fluid in the inter- 
mediate ſpace between them is greatly leſſened, 
and conſequently the preſſure on the other ſide 
drives them both together, and they are ſaid to 
attract each other. If a body electrified poſi- 
tively is brought near the firſt, the force of the 
vibrations is diretily oppoſed to each other, 
and therefore the bodies recede from each other. 
The calc is the ſame with two bodics negatively 
electrified: for here the vibration being direted 
towards bath bodies, as towards two centers, 
muſt cauſe them to recede from each other, be- 
cauſe if they remained in contact, the vibratory 

motions would interfere with each other. 
When a ſmall body is brought within the 
ſphere of another's electricity, the equable pref. 
ſure of that vibratory or electrical ſphere is 
ſomewhat lefſened upon the fide near which the 
body is brought, and it is therefore impelled 
towards the firſt by the action of the ſurround- 
ing 
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ing fluid, in order to keep up the equilibrium. 
As ſoon as it arrives there, the vibrations of the 
fluid around the firſt body being communicated 
to that within the pores of the ſecond, it acquires 
a ſphere of electricity as well as the firſt, and is 
conſequently repelled : the repulſion continues 
till the vibration ceaſes, either by the action of 
the air, or by the body coming in contact with 
another larger than itſelf, ia which caſe it's 
electricity is ſaid to be diſcharged. If, after this 
diſcharge, the ſecond body is ſtill within the 
ſphere of the firſt, it will be immediately at- 
tracted, and very ſoon after repelled, and ſo on 
alternately, till the electricity of the former to- 
rally ceaſes.” 

From ſeveral experiments of Beccaria's, 
appears, that, if the air is thoroughly cxhauſied 
from a glaſs receiver, the attraction and repul- 
ſion of electrified light bodies within the re- 
ceiver grows languid, and ſoon ceaſes altoge- 
ther. This is confirmed by an experiment of 
Mr. Cavallo's. A pith ball electrometer was 
ſuſpended within a receiver of an air-pump, by 
it's braſs cap; this was then electrified ; the 
balls diverged a little when the air was only 
rarified 100 times ; when it was rarified 300 
times, the repulſion was ſcarce diſcernable : 
when the rarifaction was greater, they did not 

diverge 
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diverge at all; and that, whether a ſmall or 
large quantity of electricity was communicated 


to the cap.“ 


EXPERIMENTS ON THE Aiyrxittton AND Re- 
PULSION OF EXCITED SILK R1350N, 


" ExPERIMENT LXV.— Put a black and white 
ribbon together, and draw them through the 
fingers; by this operation the white ribbon will 
be ele&rified poſitively, the black negatively, 
and will conſequently attract each other. 

 Expertment ixvi.—Lay either of the rib- 
bons upon a quire of paper, and draw over it 
amber, ſealing- wax, or any other negative elec- 
ey the ribbons will be excited poſitively. 

If poſitive electrics are drawn over the rib- 
bons, they will be excited negatively. 

ExeerIMENT IXVII. -A piece of flannel and 


a black ribbon will excite as well together as a 


black and white ribbon. 

_ ExpPtRIMENT Lxviii. — Dry two white ſilk 
ribbons at the fire, extend them on any ſmooth 
plane, draw the edge of a ſharp ivory rule over 
them ; while they continue on the plane they do 
not ſeem ro * acquired aly electricity, yet 

| when 


4 
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when taken up ſeparately, they are obſcrved to 
be negatively electrified, and repel each other, 

When they are ſeparated from each other, 
electric ſparks are perceived between them, but 
when they are again put on the plane, no light 
is perceived without a ſecond friction. 
EXPERIMENT LXIX.— Place the ribbons on a 
rough conducting ſubſtance, rub them as before, 
and they will, on, their ſeparation, ſhew con- 
trary electricities, which, will alſo diſappear 
when they are joined together. | 

If the ribbons are made to repel each other 
and then joined together, and placed on the 
fore-mentioned rough ſubſtance, they will in a 
few minutes be mutually attracted ; the upper- 
moſt being poſitively, the undermoſt negatively 
electrified, 

When two white ribbons receive their fric- 
tion on a, rough ſurface, they always acquire 
contrary electricities; the upper one is nega- 
tively, the lower one poſitively, electrified, 

EXPERIMENT LXX.— When two ribbons are 
made to repel each other, draw the point of a 
needle lengthways dawn one of them, and they 
will ruſh together. 

EXPERIMENT LXXI,—Bring, an electrified rib- 
bon near a ſmall inſulated metallic plate, it will 


be attracted but feebly ; ; bring a finger near the 
plate, 
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plate, a ſpark will be obſerved between them, 
though both together ſhew no ſigns of electri- 
city; on the ſeparation of the ribbon they again 
appear to be electrified, and a ſpark is perceived 
between the plate and the finger. 

EXPERIMENT LXX11.—Lay a number of rib. 
bons of the fame colour upon a ſmooth con- 
ducting ſubſtance, draw the ivory rule over 
them, take them up ſingly, and each will give 
a ſpark at the place where it is ſeparated from 
the other; the laſt will do the ſame with the 
conductor; they are all negatively electrified, 
Take them from the plate together, they will 
all cohere in one maſs, which is negatively elec- 
trified on both ſides. | | 
ExrzxNIMINT EXXIII.— Let them be placed 
on a rough conducting ſubſtance, and then be 
ſeparated ſingly, beginning with the lowermoſt, 
ſparks appear as before, but all the ribbons will 
be electrified poſitively except the uppermoſt. 
If they receive the friction upon the rough con- 
ductor, and are all taken up at once, all the 
intermediate ribbons acquire the electricity of 
the higheſt or loweſt, according as the ſepara- 
tion is begun with the higheſt or the loweſt. 
| The following very curious obſervations and 
experiments were made by Mr. Symmer. He 


had been accuſtomed to wear two pair of ſilk 
ſtockings, 
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ſtockings, a black and a white; when theſe were 
pulled off both together, no ſigns of electricity 
appeared; but, on pulling off the black ones 
from the white, he heard a ſnapping or cracking 
noiſe, and in the dark perceived ſparks between 
them. To produce this and the following ap- 
pearances in great perfection, it was only ne. 
ceſſary to draw his hand ſeveral times back+ 
ward and forward over his teg with the ſtock- 
ings upon it. 

When the ſtockings were ſeparated and held 
at a diſtance from each other, both of them 
appeared to be highly excited; the white ſtock- 
ing poſitively, the black negatively. While they 
were kept at a diſtance from each other, both of 
them appeared inflated to ſuch a degree that 
they exhibited the entire ſhape of the leg. When 
two black or two white ftockings are held in 
one hand, they repel one another with canfi. 
derable force. When a white and black ftock- 
ing are preſented to each other, they are mu- 
tually attracted, and ruſh together, if permitted, 
with great violence. As they approach, the in- 
flation gradually ſubſides, and their attraction 
of foreign objects diminiſhes, but their attrac- 
tion of one another increaſes; when they ac- 
tually meet, they become flat and joined cloſe 
together, like ſo many folds of filk ; when ſe- 

8 parated - 
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parated again, their electric virtue does not 
ſeem to be in the leaſt impaired for having once 
met. The ſame appearances will be exhibited 
by them for a conſiderable time. 

When the ſtockings were ſuffered to meet, 
they ſtuck together with conſiderable force; at 
firſt Mr. Symmer found they required from one 
to twelve ounces to ſeparate them. Another 
time they raiſed 17 ounces. - Getting the black 
ſtockings new dyed, and the white ones waſhed, 
and whitened in the fumes of new ſulphur, and 
then putting them one within the other, with 
the rough ſides together, they required three 
pounds three ounces to ſeparate them. When 

the white ſtocking was put within the black one, 
ſo that the outſide of the white was contiguous 
to the inſide of the black, they raiſed nine 
pounds, wanting a few ounces ; when the two 
rough ſurfaces were together, they raiſed fifteen 
pounds, one penny weight and a half.* 
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9 The Rev, Mr, Lyon has made many curious experi- 
ments on the attraction of ribbons; their coheſion, &c. See 
Lyon's Experiments and Obſervations on EleQricity. 
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CH. A. 


Or Tur ELECTRIC SPARK. 


EXPERIMENT LXXIV. 


I'X the wire and ball B to the end of the 

conductor, as at A, fig, 29, pl. III. turn 
the cylinder, and then bring the knuckle, or an- 
other metal ball, as C, towards B; if the ma- 
chine is powerſul, a long, crooked, brilliant, 
electric ſpark, with the appearance of fire, at- 
tended with a ſnapping noiſe, will paſs between 
the two. balls, or between the knuckle and ball. 


The experiments in the foregoing chapter 
ſhew, that thoſe ſubſtances, which are brought 
within the influence of electrified bodies, will 
become poſſeſſed of a contrary electricity, and 
are conſequently in a proper ſtate to receive a 
ſpark from any body that is charged with electric 
matter; and when brought near enough, they 
will receive the fluid in one exploſion, If the 
conductor is negative, it receives the fluid from 
the approaching body. The ſpark does not ex- 
plode at the greateſt diſtance on a given body, 
until it has firſt been made to ſtrike at ſome 

ſmaller 
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ſmaller diſtance, which, as it were, entices the 
diſcharge gradually forwards. 

The longeſt and moſt denſe ſparks proceed 
from that end of the conductor which is fartheſt 
from the cylinder, though long curvilinear 
ſparks may alſo be taken near the inſulating 
pillar which fupports the conductor. 

The ſpark, or quantity of electricity diſ- 
charged, is nearly in proportion to the ſize of 
the conductor; ſo that larger and longer ſparks 
are obtained from a conductor which has a con- 
ſiderable ſurface, than from a ſmall one. This 
has been extended ſo far, that the force of the 
ſpark from a conductor, has been equal to a 
ſhock from a good ſized phial. 

The ſound is occaſioned by the momentary 
agitation into which the air is thrown by the 
electric fluid. 

If the electric ſpark is received on any part of 
the body, it occaſions a ſenſation ſomcthing re- 
ſembling a ſmart blow, which is more or leſs 
painful, in proportion to the. tenderneſs of the 
part, or the ſtrength and weakneſs of the ſpark, 

When the quantity of electricity is ſmall, and 
incapable of ſtriking at any conſiderable diſ- 
tance, the ſpark appears ſtrait; but when it is 
ſtrong, and capable of ſtriking at a greater diſ- 
tance, it aſſumes a crooked or zig-zag. direc- 
tion; 
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tion; and this, probably, becauſe the more fluid 
electric matter has to paſs with great rapidity 
through the. denſer and leſs fluid atmoſphere; 
which reciprocally act upon each other. 

If the uninſulated conducting ſubſtance that 
is preſented to the prime conductor, in order to 
take ſparks therefrom, be broad, round, and 
polithed at the end, the fparks will be ſhort and 
denſe, and will produce a conſiderable ſound, 
If leſs broad, the ſpark will be long, crooked, 
and not ſo ſounding. If the breadth be till 
more diminiſhed, the conductor begins to come 
under the denomination of a pointed body; the 
electric fluid paſſes to it from the prime con- 
ductor, through a great ſpace of air, with a 
hiſſing or ruſtling noiſe, and in à continual 
flream. A ſtill greater ſharpnefs enables the 
electricity to paſs over a ſtill greater ſpace, but 
ſilently, and nothing is ſeen but a ſmall light 
upon the point. If a fimilar point fue from 
the prime conductor, and the uninſulated con- 
ductor be round and poliſhed, the ſame effetts 
happen in like ſituations; but if both be point- 
ed, the electricity is more readily diſcharged ; 
and, in all theſe caſes, the appearance of the 
electric matter at the point of the prime con- 
ductor will be that which is peculiar to it's 
electricity; a large divergent cone, if poſitive; 
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a ſmall globular light or cone, if negative; and 
the light at the point preſented to the prime 
conductor will be charatteriftic of the contrary 
electricity. 

It will be ſeen, by a great variety of experi- 
ments, that the electric fluid is diſſipated, unleſs 
it is reſiſted by the preſſure of the atmoſphere, 
which keeps the fire together in a body, and by. 
concentrating, it increaſes it's ſplendor. The 
ſpark which explodes in the air is vivid, like 
lightning; but if the ſame is tried in an ex- 
hauſted receiver, inſtead of a ſpark and explo- 


| ſion, we have only a filent, faint, diluted ſtream. 


Beccaria ſays, that the air reſiſts the electric 
ſpark in proportion to it's denſity, and the 
thickneſs of the ſtratum it oppoſes to the ſpark, 
or the length of the paſſage they open for them- 
ſelves through it's ſubſtance. He alſo ſhews, 
by a varicty of experiments, that the air is driven 
in every direction by the electric fluid, with a 
force, the action of which does not immediately 
fubſide. It will appcar from this, as well as 
many other conſiderations, that the exceeding 
great velocity and ſtrength of the electric fluid 
are not owing to a repulſive power among it's 
particles, but to the mutual action of the air and 
electric fluid upon themſelves and one another: 
and that it's momentum is produced by the in- 

; ; cumbent 
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cumbent preſſure of the atmoſphere on the elec. 
tric fluid, and the preſſure of one part of this 
matter upon another. This latter preſſure muſt 
be very great, if the particles of the electric fluid 
are in contact, or act immediately one on the 
other throughout the wide immenſity of ſpace. 

The electric ſpark appears of a different co- 
lour, according to it's denſity: when it is rare, 
it appears of a blueith colour; when more denſe, 
it is putple ; when highly condenſed, it is clear 
and white, like the light of the ſun. 

The middle part of an electric ſpark often 
appears diluted, and of a red or violet colour; 
the ends are more vivid and white, probably 
becauſe the fluid meets with the greateſt reſiſ- 
tante at it's entrance and exit. 

The ſpark is ſometimes divided into many 
parts, as in fig. 30, pl. III. The rays of the 
pencil concentrate where they ſtrike the ball, 
and form upon it many denſe and ſhining 
ſparks. 

EXPERIMENT LIXXV.— Zo render an ivory ball 
luminous. Place an ivory ball on the conductor, 
take a ſtrong ſpark, (or paſs the charge of a 
Leyden bottle through the center of it) the ball 
will appear perfectly luminous. It the charge 
is not taken through the center, it will paſs 
over and corrode the ſurface of the ball. 

O 2 ExpkRI- 
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ExPERIMENT LXXVI.—To oblain a crimſon co- 
loured ſpark. Take a ſpark through a ball of 
box-wood, and it will appear of a beautiful 
crimſon, or rather a fine ſcarlet colour; or the 
ſhock may be paſſed through pieces of wood of 
different thickneſſes and denſity, which will 
afford a very ample field foe obſervation and ex- 
periment. | 


— 


The two foregoing experiments are ſo anala- 
gous to the famous experiment of Mr. Hawkſ- 
bee, and ſome others which have been made 
ſince his time, that J have ſubjoined them, and 
hope they will lead to a further inveſtigation of 
this curious ſubject, 

EXPERIMENT IXXVII. Mr. Hawkſbee lined 
more than half the inſide of a glaſs globe with 
ſealing-wax, he exhauſted the globe, and put it 
in motion, when on applying his hand to excite 
it, he ſaw the ſhape and figure of it as diſtinctly 
on the concave ſuperficies of the wax within, as 
if only pure glaſs had intervened between his 
eye and his hand. The lining of wax, where it 
was thinneft, would but juſt allow the light of 
a candle to be ſeen through it in the dark. In 
{ome parts the wax was at leaſt an eighth part of 
an inch thick; yet, even in thoſe places, the 
thape and figure of his hand were as diſtinguiſh- 


able as any where elſe. 
| Beccaria 
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Beccaria diſcharged an electric ſhock through 
tome braſs duſt, ſprinkled between two plates 
of ſealing-wax; the whole was rendered per- 
fectly luminous and tranſparent. 

EXPERIMENT LXXVIIL. — The finger rendered 
luminous. This extraordinary experiment was 
made by Dr. Prieſtley, and is thus deſcribed by 
him. I laid a chain, which was in cöntact with 
the outſide of a jar, lightiy on my finger, and 
ſometimes kept it at a ſmall diſtance by means 
of a thin piece of glaſs. If I made the diſ- 
charge at the diſtance of about three inches, the 
electric fire was viſible on the ſurface of the 
finger, giving it a ſudden concuſſion, which 
ſeemed to make it vibrate to the very bone ; and 
when it happened to paſs on that fide of the 
finger which was oppofite to the eye, the whole 
| ſeemed, in the dark, perfectly tranſparent. 

EXPERIMENT LXXIX.—T 0 make a bottle of water 
Juminous. Connect one end of a chain with the 
outſide of a charged jar, let the other end he on 
the table, place the end of another piece of 
chain at about one quarter of an inch diſtance 
from the former, then ſet a decanter of water 
on theſe ſeparated ends, and, on making the 
diſcharge through the chain, the water will 
appear perfectly and beautifully luminous. 

Do not theſe experiments indicate, that there 

O 3 18 
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is a ſubtle medium both in electric and non- 
electric bodies, that renders them tranſparent, 
when it is put in motion? 

EXPERIMENT LXXX. — Green ſparks. The 
ſparks taken over a piece of ſilver leather, ap- 
pear of a green colour, 
 ExPERIMENT LxxXXI. — With the foiral tube, 
E, F, fig. 31, is a glaſs tube, round which, at 
ſmall, but equal diſtances from each other, 
pieces of tin-foil are paſted in a ſpiral form, 
(hence it is called the ſpiral tube) from end to 
end; this tube is incloſed in a larger one, fitted 
with braſs caps at each end, which are con- 
nected with the tin- foil of the inner tube. Hold 
one end in the hand, and apply the other near 
enough to the prime conductor to take ſparks 
from it, a beautiful and lucid ſpot will then be 
ſeen at each ſeparation of the tin- foil; theſe 
multiply, as it were, the ſparks taken from the 
conductor; for if there was no break in the tin- 
foil, the electric fire would paſs off unperceived. 

EXPERIMENT LXXXII. — The luminous word. 
This experiment is exactly on the ſame prin- 
ciples as the foregoing. The word is formed 
by the ſmall ſeparations: made in the tin-foil, 
which is paſted on a piece of glaſs, that is fixed 
in a frame of baked wood, as is repreſented in 
fig. 32. To make the experiment, hold the 
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frame in the hand, and preſent the ball G to 
the conductor, the ſpark received on this will 
be communicated to the tin-foil, and follow it 
in all it's windings, till it arrives at the hook 
h, and is conveyed from thence to the ground 
by a chain: the lucid appearance at each break 
exhibits a word in. characters of fire. 

EXPERIMENT LXXXIIZ.—To lake the electric 
ſpark with a metal point. Screw a pointed braſs 
wire into one end of a ſpiral tube, and preſent 
it to the conductor while the machine is in ac- 
tion, when a /roug ſpark will paſs between the 
conductor and the point. 

EXPERIMENT LXXXIV.—A flrong ſpark tained 
by a point. Take a clean dry glaſs tube, of about 
a quarter-of an inch bore, inſert a pointed wire 
in this tube, keep the pointed end at ſame diſ- 
tance from the-end -of the tube, let the other 
end be connected with the ground, bring the 
former towards the prime conductor, and ſtrong 
zig-zag ſparks, attended with a peculiar goiſe, 
will paſs between the conductor and the point. 

EXPERIMENT LXXXV. — Spiral illumination. 
Take a round board, well varniſhed, and lay on 
it a chain in a ſpiral form; let the interior end 
of the chain paſs through the board, and con- 
nect it with the coating of a large jar; fix the 
exterior end to a diſcharging rod, and then diſ- 

O 4 charge 
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charge the jar; a beautiful ſpark will be ſcen 
at every link of the chain. The illuminations 
to be produced by a chain are capable of an in- 
finite variety of modifications. 

EXPERIMENT LXXXVI.— Luminous diſcharger, 
Place ſpots of tin-foil at equal diſtances from 
each other, on a piece of bent glaſs, and let the 
ends of the glaſs be furniſhed with braſs balls, 
and a glaſs handle be fixed to the middle of the 
bent glaſs. The inſtrument wall ſerve as a diſ- 
charger, and at the ſame time exhibit, at each 
ſeparation of the tin-foil, the electric light. The 
ſame end is anſwered by connecting an iron chain 
with the two balls, | 

EXPERIMENT LXXXVII.— Llumiuation by a revol- 
wing ſpark. Fig. 98 repreſents ſeveral ſpiral 
tubes, placed round a board ; a glaſs pillar js 
fixed to the board, and on this pillar is ce- 
mented a metal cap, carrying à ſmall ftce] 
point; a braſs wire, furniſhed with a ball at 
each end, and nicely balanced, is placed on this 
point: place the middle of this wire under a 
ball proceeding from the conductor, ſo that it 
may receive a continued ſpark from the ball, 
then give the wire a rotative motion, and the 
balls in revolving will give a ſpark to cach ball 
of the ſpiral tube, which will be communicated 
from thence to the board; forming, from the 

brilliancy 
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brilliancy of the lighy 2 it's rapid motion, 2 
very pleaſing experim 


All theſe experiments on the interrupted ſpark 
may be pleaſingly and beautifully varied, and the 
{park made to appear of different colours, at the 
pleaſure of the operator. 

Fig, 92 repreſents a ſmall glaſs tube, 3 
at one end with a piece of cork; k a wire paſs- 
ing through a picce of cork, fitted into the other 
end of a tube; the upper part of the wire is 
furniſhed with a braſs ball, the end of the wire 
within the tube is bent at right angles to the 
xeſt of the wire. 

EXPERIMENT LIXXXVIII.— To perforate a glaſs 
bottle by the electric ſpark. Take out the upper 
cork and wire; pour ſome ſallad oil into this 
tube, and then fit in the cork, and puſh down 
the wire, ſo that the end of it may be near or 
rather below the ſurface of the oil ; preſent the 
ball towards a prime conductor, holding the 
finger or any other non-conductor oppoſite the 
bent end of the wire, and when a ſpark paſſes 
from the conductor to the braſs ball, another 
will paſs from the end'of the wire, and perforate 
the glaſs; the oil will be curiouſly agitated. 


This experiment appcars more beautiful when 
it is made in the dark. After the firſt hole is 
made, 
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made, turn the end of theywire round towards 
another part of the glaſs tube, and a ſecond hole 
may be made in the ſame manner. 

Mr. Lullen produces very conſiderable effects 
by paſſing the ſhock through wires that were 
inſerted in tubes filled with oil. The ſpark ap- 
pears larger in it's paſſage through oil, than 
when it pafles through water. 

M.r. Vilette filled a diſh of metal with oil, and 

when he had electrified the diſh, he plunged a 
| needle into the oil, and received a very ſtrong. 
ſpark as ſoon as the point of it came within a 

ſmall diſtance of the diſh. A ſmall cork ball 
being made to ſwim in this oil, upon the ap- 
proach of the thick end of the ſtalk of a lime, 
it plunged to the bottom, and immediately role 
up again. 

The ſeparation between the pieces of tin- foil, 
in experiment 62, forms a reſiſtance which hin- 
ders the immediate reception of the electric 
fluid, and thus, in ſome meaſure, prevents the 
common action of the point on the conductor; 
or, the power of a point to prevent an explo- 
ſion, depends on it's having a perfect uninter- 
rupted metallic communication with the earth : 
though this is not always ſufficient, as may be 
ſeen by experiment 63, where the fluid is con- 
centrated and collected by the non-conducting 

ſubſtance 
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ſubſtance which ſurrounds the point; a caſe 
ſimilar, in many reſpects, to the conductors 
which are erected for the preſervation of buid- 


ings, 


Phoſphoric Experiments. 


ExPERIMENT LxXXxIX.—Phoſpborus illumi- 
nated. Take ſome of the powder of Canton's 
phoſphorus, and by means of a little ſpirit of 
wine, ſtick it all over the inſide of a clean glaſs 
phial, then ſtop the bottle, and Keep it from 
the light. To illuminate this phoſphorus, draw 
ſeveral ſtrong ſparks from the conductor, keep- 
1ng the phial about two or three inches from the 
ſparks ſo that it may be expoſed to their light; 
the phial will afterwards appear luminous, and 


remain ſo for a conſiderable time. 
EXPERIMENT. xc. Cut out in paſteboard, or 


ſoft wood, the figure of a creſcent or any of the 
planets ; cover this equally with the white of an 
egg beat up till it is quite ſmooth, over which 
ſift the phoſphorus through a fine lawn fieve, 
then let it dry, and blow off all that is not fixed 

by the egg. To make the experiment, place 
the object in the communication between two 
directors, and diſcharge the jar, when the 
whole will become beautifully luminous ; care 


muſt however be taken to hold the direftors at a 
| | little 
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little diſtance above the phoſphorus, for if it 
paſſes through it, the whole of the powder in 


the track of the fluid will be torn off. 
Place a ſmall key on the phoſphorus, and diſ- 
charge a Leyden phial over the phoſphorus, and 


then throw the key off from it, and when it is 
exhibited in the dark, the form of the key and 


all it's wards will be perfectly ſeen. 


As the experiments on phoſphorus are in 
themſelves exceedingly curious, and appear to 
me to be intimately connected with the nature 
of electricity, I hope I ſhall not be thought to 
have deviated too far from the ſubject of this 
Eſſay, by introducing ſome experiments of Mr. 
Wilſon on this ſubject ; the more fo, as the pro- 
ducing the priſmatic colours is by no means dif- 
ficult, as little more is required than a few 
oyſter ſhells, and a good fire of any kind. F 
if thoſe ſhells are thrown careleſsly e 
middle of the fire, and continued there for a 
proper time, (which may be for ten minutes, a 
quarter, half, or three quarters of an hour, ac- 
cording to the thickneſs and compactneſs of the 
ſnells, and the degree of fire they are expoſed 
to,) they will exhibit lively priſmatic colours, 
after they are removed from the ſun into the 
dark ſuddenly, and the eyes have been previouſſy 
prepared a little to receive them. Mr. Wilſon 

excited 
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excited alſo the light of theſe ſhells with electri- 
city in the following manner. 

ExPERIMEnT xc1.—He placed upon a metal 
ftand, which was rounded at top, and about half 
an inch in diameter, a prepared ſhell, that would 
exhibit the priſmatic colours very lively on the 
uppet ſurface of this ſhell, and near the middle, 
where the colour-making parts predominated, 
he brought the end of a metal rod, and then 
connected the two metals properly with the 
coatings of a charged phial, in order to dif 
charge the fluid. In this circuit there was lefr, 
deſignedly, an interval of about three inches, 
unoccupied by metal, and next one fide of the 
glaſs; the diſcharge was made by completing 
the circuit with metal where the interval was 
left. The ſhell, at that inſtant, was lighted up 
to an exceeding great advantage, ſo that all the 
colours appeared perfectly diſtin, and in their 
reſpective places, anſwering to their different 
colour- making parts. Theſe colours continued 
viſible ſeveral minutes, and when they ceaſed to 
appear, a white purpliſh light occupied their 
places, which laſted for a conſiderable time. 
And notwithſtanding this experiment was re- 
peated with the ſame and other ſhells, the co- 
lours continued in their reſpective places, and 
nearly of the ſame degree of brilliancy ; except · 

| ng, 
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ing, that in or near thoſe parts where the ex 
ploſion took place a few ſcales were driven off. 
ExrRIM ENT xcII.— On firing ſpirit of wine by 
the electric ſpark. Let any perſon ſtand on the 
inſulating ſtool, and connect himſelf by wire or 
chain with the prime conductor, he will then 
exhibit the ſame appearances which are ob- 
tained from the conductor, and will attract light 
bodies, give the ſpark, &c. and thus afford a 
pleaſing mode of diverſifying every experiment. 
It is abſolutely neceſſary, to the complete ſuc- 
ceſs of this experiment, that no part of the 
cloaths touch the floor, table, &c. and that the 
glaſs feet be carefully dried: a ſheet of dry brown 
paper placed under the ſtool, will be found of 
conſiderable ſervice, by rendering the inſulation | 
more complete. 

If the inſulated perſon lays his hand on the 
cloaths of one that is not ſo, eſpecially if they 
are woollen, they will both feel as it were many 
pins pricking them, as long as the cylinder is 
in motion, | | 
EXPERIMENT XCIII. — Zo fire ſpirits of wine 
with the electric ſpark, Heat the ladle I, fig. 33, 
then pour a ſmall quantity of ſpirits of wine 
into it, and fix it by it's handle to the end of the 
prime conductor; or fire the ſpirits, and blow 


them out a few minutes before the experiment 
| 18 
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is made; take a ſpark through the middle of + 
the ladle with a braſs ball, and the ſpirits will 
be fired by it. 

Or let a perſon, ſtanding on an inſulating 
{tool, and connected with the prime conductor, | 
hold the ladle with the ſpirits in his hand, and 
let a perſon on the floor take a ſpark through 
them, and they will be fired. The experiment 
anſwers equally well, if the perſon on the floor 
holds the ladle, and the inſulated perſon takes 
the ſpark. 

EXPERIMENT xciv.— The foregoing experi- 
ment may be agreeably diverſified in the fol- 
lowing manner. Let one electrified perſon, 
ſtanding on an inſulated (tool, hold the ſpirits. 
Let another perſon, ſtanding alſo on an inſu- 
lated ſtool, hold in his hand an iron poker, one 
end of which is made red hot, he may then ap- 
ply the hot end to the ſpirits, and even immerge - 
it in them without firing them. But if he put 
one foot on the floor, he may ſet the ſpirits on 
fire with either end. 

ExPERIMENT xcv. — The ſpitits cannot be 
kindled by an inſulated perſon, becauſe, as the 
electric fluid cannot eſcape through him to the 
earth, he is incapable of drawing a ſpark ſuffi- 
ciently ſtrong to inflame them, and hot iron will 
ſeldom or never ſet ſpirits on fire. 


Or 
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Or InrLammMaBLe AIR, AND THE PisTOL FOR 
FIRING INFLAMMABLE AIR * Tar ELgcTRIC 
. OPARKs | 


A ſpecies of air, which is inflammable, is fre- 
quently generated in coal mines: the air alſo 
emitted by ſtirring the mud of ſome ſtanding 
waters, has been found to be inflammable. Pu- 
treſcent animal matter alſo emits this fluid. It 
may be obtained by diſtillation from wax, pitch, 
amber, coals, and other phlogiſtic ſubſtances. 
The following is the moſt convenient method 
of procuring it: put ſome ſmall nails or iron 
filings into the bottle r, " fig. 38 ; cover theſe 
with water, then add to this a little oil of vi- 
triol, about one quarter of the quantity there is 
of water; put the ground end of the bent tube 
into the mouth of the bottle, and paſs the other 
end through the water of the baſon T into the 
neck of the bottle K, which is filled with water, 
and inverted in the baſon ; the bottle K muſt be 


ſupported during the operation: in a little time 


the mixture will efferveſce, and emit a fluid 
which will paſs through the bent «tube, go into 
the bottle K, and at laſt fill it totally, expelling 
the water; the bottle is then to be removed, 
and corked as expeditiouſly as poſſible. 


Fig 
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Fig. 39 repreſents a braſs piſtol for inflam- 
mable air; a b is the chamber of braſs, to the 
mouth ac of which a cork is fitted, a perforated 
piece of braſs g ſcrews on to the bottom of this 
chamber, (this piece is repreſented by itſelf in 
fig. 40,) a glaſs tube f is cemented into the per- 
foration of this piece, and a braſs wire is alſo 
cemented into the glaſs tube; one end of this 
wire is furniſhed with a ball, the other extremity 
is bent, ſo as to come within about a tenth of 
an inch of the braſs piece. Fig. 41 is a braſs 
cap, which ſcrews on the piſtol, to preſerye the 
glaſs tube from any accident. The air with 
which the piſtol is to be charged fhould be kept 
in a corked bottle: take out the cork and apply 
in the ſame inſtant the mouth of the piſtol to 
the opening of the bottle, and the common and 
inflammable air will mix together, becauſe the 
former bcing heavier than the latter will natu- 
rally deſcend ; keep the piſtol in this fituation 
about 1 5 ſeconds, then remove it, and cork both 
the bottle and piſtol with the utmoſt expedi- 
tion. 

If the piſtol is held too long over the bottle, 
and is intirely filled wich inflammable air, it 
will not explode. 


P DrscRip- 
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DescrIPTION OF ANOTHER APPARATUS FOR 
MAKING INFLAMMABLE AIR, AND FILLING 
rug AIR PisTAL, &c. 


This apparatus conſiſts of the following articles. 
1. A glaſs funnel. 
2. A ſmall glaſs tumbler. 

3- A bladder tied to a ſtop cock. 

4. A braſs pipe paſſing through a cork; which 
cork is made tapering, to fit the neck of a com- 
mon wine bottle : the upper part of the pipe has 
a male ſcrew, to fit the ſcrew on the lower end 
of the ſtop cock. 

5. An air piſtol furniſhed with a valve at the 
end 5, fig. 39; the wire paſſing through a glaſs 
tube, and to which the ſpark is to be given, is 
fitted into the ſide of the piſtol. At the end b 
of the piſtol is a male ſcrew which fits the lower 
end of the ſtop cock. 

6. A box with iron filings. 

7. A ſmall meaſure which will hold the pro- 
per quantity of iron filings. 

8. A braſs tube and hollow flyer; the lower 
end of the braſs tube fits the ſtop cock. 

Soak the bladder in water which is lukewarm, 
in order to ſoften it ; and then render it pliable, 
by blowing air into it and ſqueezing it out again. 
Aſter this ſcrew the conical pipe with the cork 

| ante 
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into the lower end of the ſtop cock, and it is 
ready for uſe. Then take a common quart wine 
bottle, and put into it a little hot water, to 
warm it, Pour as much oil of vitriol into the 
tumbler, as will about half fill it, and mix this 
in another tumbler with about three times the 
quantity of cold water. Throw the warm water 
out of the bottle, and put a meaſure of iron 
filings into it, then pour out the diluted vitriol 
through the glaſs funnel upon the iron filings. 
As ſoon as the efferveſcence begins, put the 
cork with it's pipe into the neck of the battle, 
and the inflammable air which is generated by 
the mixture, will enter into and gradually ſwell 
the bladder. When this is full, ſhut the top 
cock, and remove the bladder from the bottle. 
The bladder being thus filled, ſcrew the bot- 
rom of the piſtol upon the ſtop cock ; compreſs 
the bladder, and introduce by this means about 
as much inflammable air, as you judge will fill 
one third of it's capacity, and put the cork im- 
mediately into the muzzle of the piſtol, To 
form a circle of fire with inflammable air, fill 
the bladder as before, unſcrew the conical tube 
from the ſtop cock, and ſcrew the braſs fly in 
it's place, open the cock, and compreſs the 
bladder; the air will paſs through the fly, and 
ſet it in motion; light the air at the end of the 


P 2 pipe, 
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pipe, and a beautiful circle of fire will be formed 
by the motion of the bent tube, and the fired air 
which iſſues from it's points. The piftol is fired 
as in experiment 69. 

If too great a quantity of 2 air is 
introduced into the piſtol, it will not explode; 
to remedy. this, blow ſtrongly into the muzzle 
of the piſtol, this will force out a quantity of the 
inflammable air, and occaſion a quantity of 
common air to enter the piſtol, which will then 
ad explode. | 

The bottle ſhould be taken into the open air 
a be well waſhed, as ſoon as the bladder is 
filled. 

EXPERIMENT xCvi. —To fire e air. 
Being the ball of 'the piſtol, which is charged 
with: inflammable air, near the prime conduc- 
tor, or the knob of a charged bottle, the ſpark 
which pailes between the end of the wire f and 
the piece g, fig. 40, will fire the inflammable 
air, and drive the cork to a conſiderable diſ- 


tance. This air, like all other, requires the pre- 
ſence either of common air, or elſe of vital air, to 


enable it to burn; but, if it is mixed with a 
certain quantity of common air, an exploſion 
will take place ein paſſing the electric ſpark 


Mr. 
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Mr. Cavallo recommends a'piſtol made in the 
following manner, to thoſe who wiſh to make 
experiments on the exploſion of inflammable 
and dephlogiſticated air, or with known quan- 
tities of common and inflammable air. It con- 
ſiſts of a braſs tube, about one inch in diame- 
ter and ſix inches long, to one extremity of 
which a perforated piece of wood is ſecurely 
fitted; a braſs wire, about four inches long, is 
covered, except it's ends, firſt with ſealing-wax, 
then with ſilk, and afterwards with ſealing-wax 
again. This wire is to be cemented in the per- 
foration of the wooden piece, ſo as to project 
about two inches within the tube, the reſt is on 
the outſide; that part of the wire, which is 
within, is bent ſo as to be only about the 
tenth of an inch from the inſide of the braſs 
tube.* | 

To uſe this piſtol ; fill it with, and then in- 
vert it into a baſon of water; make the required 
quantity of inflammable and common air in an- 
other veſlel, by putting in known and propor- 
tionable meaſures of each; introduce this mix- 
ture into the piſtol, and then ſtop it with a 
cork, take the piſtol out of the water, and paſs _ 
in the uſual manner the ſpark of a charged jar 

P 3 through 


Cavallo on Air, p. 818, 
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through it, and the inflammable air will be 
I he inſtruments for firing the inflammable 

air with the electric ſpark, are often made in 
the ſhape of a cannon, 


CHAP. 
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CRAP IM 
Or ELTCTRITIID Polkts, 


ExptrIMEnT Xcvit:; — Difipation of eleffficity 
by a point. 


SEND the pointed end of a wife towards 
= a conductor which is poſitively electrified, 
a lucid globular point or ſtar will appear on the 
point, and the electric fluid will be evidently 
conveyed away and diſhpated from the con- 
ductor. ny. 

EXPERIMENT XCVHI.—Brufh of eleFric light. 
Preſent a pointed wire towards a conductor that 
is electrified negatively ; a lucid cone or bruſh 
will be ſeen diverging from the point, and the 
quantity of fire will be increafed. 

ExPERIMENT XCIX. — Slar of elefiric light. 
The lucid ſtar is feen on the collecting points of 
a poſitive conductor, white a diverging cone 
will appear on a point placed at the end of the 
conductor. 


To determine the direction of the electric 
fluid, has ever been an object of conſiderable 


importance to the electrician; as it would enable 
P4 him 
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him to decide on the truth of thoſe theories, 
which have been invented to account for it's 
phenomena, and greatly aſſiſt him in the pro- 
greſs of future diſcovery : to this end much ſtreſs 
has been laid on the different appearance of the 
light, which is perceived on the pointed ends 
of electrified conducting ſubſtances ; as theſe 
have been ſuppoſed to elucidate fully this inte- 
reſting queſtion. 

The electric fluid appears as a diverging 
ſtream darting forwards into the air, from a 
point electrified poſitively. The luminous ap- 
pearance on a. point negatively electrified, is that 

of a ſmall little globule or ſtar. 

Now, as the air is known to reſiſt the motion 
of the electric fluid, the rays of it would by this 
reſiſtance be made to diverge; therefore, when 
this fluid is darting from a point into the air, it 
will aſſume the form of a lucid cone or bruſh. 

To this it has been objected, that theſe rays 
may poſſibly be converging from ſo many points 
in the air towards the point, and not diverging 
from it; but, as there does not appear any rea- 
ſon why a viſible ray ſhould break out from one 
place in the atmoſphere more than another, the 
former account ſeems more conformable to na- 
ture, and the known laws of other fluids. The 
air reſiſts N motion of the electric fluid equally. 

N There; 
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Therefore, when this fluid is coming from the 
air towards a pointed conductor, it would per- 
colate flowly and inviſibly through the air, but 
equally on all ſides, till it comes ſo near as to be 
able io break through the intermediate ſpace; 
but as this will be equal or nearly ſo all around, 
the negative electricity muſt appear like a ſteady 
luminous globule on the point.“ Notwithſtand= 
ing the apparent probability of the above rea- 
ſoning, it may ſtill be objected, that no deciſive 
concluſion can be drawn from theſe appear- 
ances, as they may be varied by augmenting or 
diminiſhing the volume of the pointed body, and 
by a variety of other circumſtances. 

EXPERIMENT c.— A lucid cone appears on the 
collector of a negative conductor, and a /ucid flar 
on a point placed at the oppoſite end of the con- 
ductor. 

ExpRIMENT cI.— Bring an excited glaſs tube 
near a point that is fixed at the end of a poſi- 
tively eleftrified conductor, and the luminous 
bruſh will be turned out of it's direction by the 
action of the excited tube; if the tube is held 
directly oppoſite to the point, the bruſh will 
vaniſh, 

EXPERIMENT C11I.—Fix the point to the end 
of the negative conductor, the lucid ſtar will turn 


towards the excited tube. 


ExPERI- 
* Encyclopedia Britannica, p. 2699. 
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ExPBRIMENT C111,——AZion of flame. Put a 
wire, which has a ball at one end, into the hole 
at the egd of a poſitive conductor, place a 
lighted le ſo that the middle of the flame 
may be even with the middle of the ball, and 
about an inch from it; turn the machine, and 
place the ſame wire at the end of the negative 
conductor, the appearance will be reverſed, 
and the knob will ſoon be heated by the flame 
of the candle which is carried towards it. 

ExPERIMENT CIV.—EleFric fly. Fix a pointed 
wire in the hole on the upper ſide of the con- 
ductor, then place the center of the braſs croſs 
K, fig. 34, upon the point, the ends of which 
croſs are all bent one way; electrify the con- 
ductor, and the croſs will turn upon it's center 
with great rapidity. If the room be darkened, 
a circle of light will be formed by the electric 
fluid on the points of the wires. The re- action 
of the ait on the diverging cone of electric mat- 
ter gives the retrograde motion to the points of 
the wire. 

The fly turns round in the fame direction, 
whither it is electrified negatively or poſitively z 
though it will not move in vacuo, unlefs the 

finger, or ſome other conductor, is applied to 
die glaſs receiver oppoſite to one of the points, 
it will then begin to move, and continue to do 
ſo briſkly, till the glaſs is charged. | 


ExPERI-+ 
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ExPERIMENT cv.—Eledrify the two inſulated 
wires MN, o P, fig. 35, and the reſiſtance of 
the air againſt the electric ſtream, from the 
point of the fly L, (the axis of which rolls on 
the wires) will force the fly up the declivity of 
the inclined plane, MN, oP. 

ExPERIMENT Cvi.—Fig. 36 repreſents a 
ſmall crane, which will move from the ſame 
cauſe as the foregoing, and raiſe a ſmall weight, 

ExperIMENT cvil.—Several flyers may be 
made to turn at the fame time, ſee fig. 37, and 
many other pleaſing experiments may be con- 
trived on the fame principle ; or, the flyers may 
be placed one above another, diminiſhing gra- 
dually in fize, and forming, when electrified, a 
luminous cone ; the circles of light will be more 
brilliant, if the ends of the wires are covered 
with a thin coating of greaſe, ſealing-wax, or 
fulphur. | 

 ExpeRIMENT cVIII. Spark from à point im- 
merſed in oil. Immerge a metallic point in a 
metal veſſel nearly filled with oil of vitriol, and 
placed on an electriſied conductor, /carce any 
ſpark will paſs to the point, although it is held 
very near the bottom of the veſſel. If this is 
filled with effential oil of turpentine, a ſmall 


light may be ſeen from time to time in the body 
of the fluid. If common oil is uſed, the point 
will 
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will take flrong ſparks, and the electric fluid, in 
endeavouring to reach it, will occaſion an ebul- 
lition in the oil. 

So that the electric ſpark depends in a great 
meaſure on the conducting power of the me- 
dium through which it 3 


Elefiric Boals. 


II ſmall boats, or Little Ginny, Kc. are us 
of cork or light wood, they may be attracted, 
and made to ſwim in any direction, by apply- 
ing a finger towards them; a fine needle ſtuck 
into the end of the boats, in the manner of a 
bowſprit, will cauſe. them to be repelled. from 
the hand held over it, and they may be ſteered 
by it, ſtern foremoſt, to what point oF the com- 
paſs you pleaſe. The boats might have the ad- 
dition of ſails to them, and might then be made 
to move briſkly before an electrical gale, from 
the point of a wire held in the hand. 

The operator in theſe tricks would certainly. 
be looked upon as a magician, if the electrical 
machine is kept out of fight. But a more ſtrik- 
ing ſight, would be a number of theſe boats, 
with each of them a twirling fly, about an inch 
in length, fixt to the top of the maſt ; the hand 
held over them would ſet them all in motion; 

in 
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in the dark, they 5 as ſo many rings 
of fire, moving in various courſes, and follow- 
ing the hand in any direction. 

When a ſew young perſons have nothing elſe 
to do, they might very innocently amuſe them- 
ſelves, by making a repreſentation of a-kind of 
ſea-engagement between theſe boats. Suppol- 
ing each of them large enough to hold a ſmall 
coated phial without ſinking, theſe phials may 
be charged, ſome of them poſitively on the in- 
fide, others - negatively; they may then be 
placed at the bow of the boat, with the wire 
ball and uncoated part of the phial projecting 
over; a {mall braſs chain ſhould be made to 
touch the outward: coating of the phial, and the 


other end brought over the ſtern of the boat, 
and hang ſo as to touch the water. The boats 


being then put into a trough of water, and 
pretty highly charged, they will ſoon be in mo- 
tion; thoſe that are electrified alike, will repel 
each other; and thoſe poſſeſſed of a contrary 
electricity, will be attracted, till the balls of the 
two phials approach pretty near together; they 
will then diſcharge their contents with a loud 
exploſion, and the boats will afterwards ſheer 
from each other“ 


When 


* Becket's Eſſay on Electricity, p. 36. 
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When the electric 3 a wooden 
point, the ſtream or cone, which iſſues from it, 
ſeems diluted, and ſomething ſimilar to the 
purple electric light, which is obtained in 
vacuo. The action of the electric fluid on the 
air, by an electrified point, produces a ſenſible 
aura, or wind, of ſufficient force, as is ſeen 
above, to put light bodies in motion, or diſturb 
the flame of a candle, and occaſion an undula- 
tion in the fluids: the action of the fluid is ſo 
modified by points, as to produce an agreeable 
ſenſation, reſembling a gentle breathing; this 
ſenſation may be rendered more or leſs ſtimu- 
lating, by the reſiſtance the fluid meets with in 
it's action on our bodies, an effect which is 
productive of great advantages in medical elec- 
tricity. 


Mr. NI1cnoLs0N, upon the luminous appearances 
of elettricity, and the action of points. 


He obſerves, that the eſcape of negative elec- 
tricity from the ball is attended with the ap- 
pearance of ſtrait ſharp ſparks, with a hoarſe or 
chirping noiſe, When the ball was leſs than 
two inches in diameter, it was uſually covered 
with ſhort flames of this kind, which were very 
numerous. 


When 
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When two equal balls were preſented to each 
other, and one of them was rendered ſtrongly 
poſitive, while the other remained in connection 
with the earth, the poſitive bruſh or ramifjed 
ſpark was ſeen to paſs from the electrified ball ; 
when” the other ball was electrified negatively, 
and the ball, which before had been poſitive, 
was connected with the ground, the electricity 
(paſting the ſame way, according to Franklin) 
exhibited the negative flame, or denſe ftrair 
and more luminous ſpark, from the negative 
ball ; and when the one ball was electrified plus, 
and the other minus, the figns of both electri- 
cities appeared. If the interval was not too 
great, the long zig-zag ſpark of the plus ball, 
ſtruck to the ſtrait flame of the nus ball, uſually 
at the diſtance of about one-third of the length 
of the latter from it's point, rendering the other 
two-thirds very bright. Sometimes, however, 
the poſitive ſpark ftruck the ball at a diftance 
ſrom the negative flame. Theſe effects are re- 

preſented in plate I. fig. 1, 2, 3. | 
Two conductors of three-quarters of an inch 
diameter, with ſpherical ends of the fame dia- 
meter, were laid parallel to cach other, at the 
diftance of about two inches, in ſuch a manner 
as that the ends pointed in oppoſite directions, 
and were fix or eight inches aſunder. Theſe, 
| which 
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which maybe diſtinguiſhed by the letters P and 
M, were ſucceſlively electrified as the balls 
were in the laſt paragraph. When one conductor, 
P, was poſitive, fig. 5, it exhibited the ſpark of 
that clectricity at it's extremity, and ſtruck the 
fide of the other conductor M. When the laſt- 
mentioned conductor M was electrified nega- 
tively, fig. 4, the former being in it's turn con- 
nected with the earth, the ſparks ceaſed to 
ſtrike as before, and the extremity of the elec- 
trified conductor M exhibited negative ſigns, 
and ſtruck the ſide of the other conductor. 

And when one conductor was electrified plus, 
and the other minus, fig. 6, both ſigns appeared 
at the ſame time, and continual ſtreams of elec- 
tricity paſſed between the extremities of each 
conductor to the ſide of the other conduftor op- 
poſed to it. In each of theſe three caſes, the 
Current of electricity, on the hypotheſis' of a 
fingle fluid, paſſed the ſame way. 

In drawing the long ſpark from a ball of four 
inches diameter, it was found of ſome conſe- 
quence that the ſtem ſhould not be too ſhort, 
becauſe the vicinity. of the large prime conduc- 
tor altered the diſpoſition of the electricity to 
eſcape; a ſet of experiments were therefore 
made, the reſult of which ſhewed, that the diſpo- 
ſition of balls to receive or emit electricity is 

| greateſt 
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greateſt when they ſtand remote from other 
ſurfaces in the ſame ſtate ; and that between 
this greateſt diſpoſition in any ball, whatever 
may be it's diameter, every poſlible leſs degree 
may be obtained by withdrawing the ball to- 
wards the broader or leſs convex ſurface, out of 
which it's ſtem projects, until at length the 
ball, being wholly depreſſed beneath that ſur- 
face, loſes the diſpoſition entixely. From theſe 
experiments it follows, that a variety of balls is 
unneceſlary in eleAricity ; becaule any ſmall 
ball, if near the prime conduQtor, will be equi- 
valent to a larger ball whoſe ſtem is longer. 
From comparing ſome experiments, made by 
himſelf many years ago, with the preſent ſet, he 
conſidered a point as a ball of an indefinitely 
ſmall diameter, and conſtructed an inſtrument 
conſiſting of a braſs ball of ſix inches diameter, 
through the axis of which a ſtem, carrying a 
fine point, was ſcrewed. When this ſtem is 
fixed in the prime conductor, if the ball be 
moved on it's axis in either direction, it cauſes 
the fine point either to protrude through a ſmall 
hole in it's external ſurface, or to withdraw it- 
ſelf; becauſe by this means the ball runs along 
the ſtem. The diſpoſition of the point to 
tranſmit electricity may thus be made equal to 
that of any ball whatever, from the minuteſt 


. 1 7 lize 
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ſize to the, diameter of ſix inches. Sce fig. 7. 

let. A. | 
The action of pointed bodies has been a ſub- 
ject of diſcuſſion ever ſince it was firſt diſco- | 
vered, and is not yet well explained. To thoſe 
who aſcribe this effe& to the figure of electric 
atmoſpheres, and their diſpoſition to fly off, it 
may be anſwered, that they ought firſt to prove 
their exiſtence, and then ſhew why the cauſe 
which accumulated them does not prevent their 
eſcape; not to mention the difficulty of ex- 
plaining the nature of negative atmoſpheres. If 
theſe be ſuppoſed to conſiſt of electrified air, it 
Will not be eaſy to ſhew why a current of air 
paſſing near a prime conductor does not deſtroy 
it's effects. The opinion, ſupported by the ce- 
lebrated Volta and others, that the point is the 
coating to an infinitely ſmall plate of air, does 
not appear better founded; for ſuch a plate 
muſt be broken through at a greater diſtance 
only becauſe higher charged ; whence it would 
follow, that points ſhould not act but at high 
intenſities. As a proof that the charge has little 
to do here, if a ball be preſented to the prime 
conductor, at the ſame time that a point pro- 
ceeds from the oppoſite ſide of the ball, the 
electricity will paſs by the point, though it is 
obliged to go round the ball for that purpoſe; 
but 
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but it can hardly be doubted, that whatever 
charge obtains in this caſe is on the ſurface of 
the ball next the conductor, and not on the re- 
mote fide to which the electricity directs it's 
courſe. | 
Achard's experiments with a number of 
pointed cones, ſcrewed in a plate of metal, and 
likewiſe the pointed apparatus before-deſcribed, 
ſhew that the effect of points depends on the 
remoteneſs of their extremities from the other 
- parts of the conductor. This leads to the fol- 
lowing general law. | 
In any electriſied conductor the tranſition or eſcape 
electricity, will be made chiefly from that part of 
the ſurface which is the moſt remote from the natural 
ſlate. 
uus in the apparatus of the ball and ſtem, 
the point having a communication with the reſt 
of the whole conductor, conſtantly poſſeſſes the 
ſame intenſity ; but the influence of the ſur- 
rounding ſurface of the ball diminiſhes it's capa- 
city. This diminution is leſs the farther the 
ball is withdrawn, and conſequently the point 
will really poſſeſs more electricity, and be more 
diſpoſed to give it out when it is prominent 
than when depreſſed. The ſame explanation 


ſerves for negative electricity: 
| Q 2 The 
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The effect of a poſitive ſurface appears to 
extend further than that of a negative: for the 
point acts like a ball when conſiderably more 
prominent if it be poſitive, than it will if nega- 
tive. This property was uſed ſome years ago 
for the conſtruction of an inſtrument to diſtin- 
guiſh the two electricities.“ 

For the ſake of conciſeneſs, many facts are 
paſſed over, which have preſented themſelves in 
the courſe of the experiments on the two elec- 
tricities; there is, how ever, ſcarcely any experi- 
ment made with the poſitive power, which will 
not afford a reſult worthy of notice, if repeated 
with the negative. | 

When we conſider that our machines can 
cauſe a ball of an inch and half diameter to act 
like a point, and that our apparatus makes a 
point act like a ball ; if at the ſame time we re- 
mark the ſmall clevation of our conductors for 
lightning above the extended ſurface of the 
ground, and the ſmall ſize of the balls propoſed 
by ſome to be uſed as terminations ; the diſpute 
which was ſo much agitated reſpecting them, 
will perhaps be found to relate to a very minute 
circumſtance, among the many which govern 
the great operations of nature. It does not 
ſeem probable, that any conductor would act 


ſilently 
Introduction to Natural Philoſophy, Vol. II. p. 320. 
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ſilently if the main courſe of the electricity of a 
negative cloud were to paſs through ir, and 
many would probably receive the ſtroke from a 
politive cloud. It does not, however, follow 
from this, that they might not conduct it with 
ſafety. 


23 CHAP. 
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Or Tae Ltypen PHIAL. 


= E experiments upon the Leyden phial 


are ſome of the moſt intereſting in elec- 
trieity; they excited the attention of the philo- 
ſopher to this ſubje& more than any other ex- 
periment, and are ſtill viewed with wonder and 
ſurprize. 

ExpRIMENT cIx.— Charging and diſcharging in 
general the Leyden phial. Place the braſs ball of 
a coated jar in contact with the prime conduc- 

| tor while the outſide communicates with the 
table, turn the cylinder, and the bottle will in 
a little time be charged, or modify the electric 
fluid in a peculiar manner. To diſcharge the 
jar, or reſtore it to it's natural ſtate, bring one 
end of a conducting ſubſtance in contact with 
the outſide coating, and let the other be brought 
near the knob of the jar which communicates 
with the inſide coating, a ſtrong exploſion will 
take place, the electric light will be viſible, and 
the report very loud. 

EXPERIMENT CxX.—The elefric ſbock. Charge 
the Leyden bottle, then touch the outſide coat- 


ing 
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ing with one hand, and the knob with the other, 
the bottle will be diſcharged, and a ſudden pe- 
culiar ſenſation will be perceived, that is called 
the electric ſhock. 

The ſhock, when it is taken in this manner, 
generally affects the wriſts, elbows, and breaſt; 
when the ſhock is ſtrong, it reſembles an uni- 
verſal blow. This peculiar ſenſation is proba- 
bly owing to the two-fold and inſtantaneous ac- 
tion of the clectric fluid, which enters and goes 
out of the body, and the various parts through 
which it paſſes, at one and the ſame inſtant. It 
has been alſo obſerved, that nature has appointed 
a certain modification of the electric fluid in all 
terreſtrial bodies, which we violate in our ex- 
periments; when this violation is ſmall, the 
powers of nature operate in a gentle manner to 
rectify the diſorder we have introduced; but 
When the deviation is conſiderable, the natural 
powers reſtore the original conſtitution with ex- 
treme violence. 

If ſeveral perſons join hands, and the firſt 
touches the outſide of a charged jar, and the laſt 
the knob, the bottle will be diſcharged, and they 
will all feel the ſhock at the ſame inſtant; but 
the greater the number of perſons that join hands 
to take a ſhock, the weaker it is, 

The force of the ſhock is in proportion tothe 


Q4 quantity 
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quantity of coated ſurfaces, the thinneſs of the 
glaſs, and the power of the machine; or, the 
effect of the Leyden phial is increaſed, in pro- 
portion as we deſtroy the equilibrium on the 
ſurfaces. 

A given quantity of electricity, impelled 
through our body with a given force, produces 
a weaker ſenſation, than twice that quantity 
impelled with half that force, and conſequently 
the ſtrength of the ſhock depends rather more 
on the quantity of fluid, which paſſes through 
our body, than on the force with which it is 
impelled. Yet, the force of an exploſion ſeems 
to depend more on the degrce to which the 
fluid is compreſſed, than on the quantity ; hence 
a ſmall phial fully charged will act nearly as 
ſtrong as a large jar which 1s half charged. 

If a charged jar is coated very high, it will 
diſcharge itſelf before it has received near the 
charge it would take if the coating was lower. 
If it is coated very low, this part of the ſurface 
may be charged very high, but a conſiderable 
part of the glaſs is not charged at all. 

When a jar is charged very high, it will often 
explode or diſcharge itſelf over the glaſs from 
one coated ſurface to the other; or, if the glaſs 
is thin, it will make a hole through ir, and 
ſwell the coating on both ſides, the glaſs in the 

4 -- hole 
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hole will be pulverized, and very often a variety 
of fiſſures will proceed from it in various direc- 
tions. 

A Leyden jar very often recovers it's electri- 
city, in a ſmall degree, after a diſcharge has 
been made; this ſecond exploſion is called the 
reſiduum of a charge. 

The form or ſize of the glaſs is no ways ma- 
terial to the receiving of a charge. 

To avoid receiving the electric ſhock, be 
careful never to touch the top and bottom of the 
jar at the ſame time, and never to enter a circuit 
formed between the inſide and outſide of a jar; 
for the effect of the Leyden phial depends en- 
tirely on the reciprocal action of the two ſur- 
faces, and does not take place, when either is 
touched ſeparately, By attending to this ob- 
ſervation, jars of any ſize may be handled with 
fafety. Indeed, the human frame makes ſo little 
reſiſtance to the free paſſage of this ſubtle agent, 
that no other inconvenience will attend a ſhock 


from a common: ſized charged jar, than a tran- 


ſient diſagreeable ſenſation. 

Touch the knob of a charged jar, no ſhock 
will enſue; but the finger, or part that touches 
the ball of the jar, will be affected with a ſharp 
ſenſation, as if it had been pricked with a needle. 
The diſcharge is filent and without an exploſion, 

when 
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\/ When the communication between the two ſides 
of the jar is made by imperfect conductors. 

A charged phial ſet upon electric ſubſtances, 
may be taken hold of without danger, either by 
the coating or the wire ; a ſmall ſpark only will 
proceed from either. 

Magic picture. The magic picture is a coated 
pane of glaſs, proper to anſwer the purpoſe of 
the Leyden experiment; over the coating on 
one fide 1s paſted a picture, on the other fide a 
piece of white paper is paſted, ſo as to cover the 
whole glaſs; it is then put into a frame, with 
the picture uppermoſt, and a communication is 
formed from the tin-foil of the under ſide to the 
bottom rail of the frame of the picture, which 
rail is covered with tin-foil. 

Lay the picture on the table, with the print 
uppermoſt, and a piece of money on it; let a 
chain fall from the conductor to the print, turn 
the cylinder, and the plate of glaſs will ſoon 
be charged; now take hold of the picture by 
the top rail, and let another perſon take hold 
of the bottom rail, and endeavour to take off the 
piece of money; in doing this they will receive 
a ſhock, and generally fail in the attempt. 


AN ESSAY ON MEC TRIc ITV. 235 


Da. FrankLlin's Turory or THE LEvypEn 
BorrLE. 


Glaſs is ſuppoſed to contain at all times, on 
it's two ſurfaces, a large quantity of the electric 
fluid, which is ſo diſpoſed, that, if you increaſe 
the quantity on one ſide, the other muſt throw 
off an equal proportion; or, when one fide is 
poſitive, the other muſt be negative. Now, as 
no more of the electric fluid can be forced on 
one ſide, than can go off on the other, there is 
no more in the bottle, after it is charged, than 
was there before; the quantity is neither in- 
creaſed or leſſened on the whole, though a 
change may be made in it's place and ſithation; 
1. e. we may throw an additional quantity on 
one of it's ſides, if, at the ſame time, an equal 
quantity can eſcape from the other, and not 
otherwiſe. This change is effected by lining 
parts of it's two ſurfaces with a non-elec- 
tric ; through the mediation of which, we are 
enabled to convey the electric fire to every 
phyſical point of the ſurface we propoſe to 
charge, where it exerts it's activity in repelling 
the electric particles naturally belonging to the 
other ſide; all of which have an opportunity of 
eſcaping by the lining in contact with this ſur- 

face, 
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face, which, for that purpoſe, muſt communi- 
cate with the earth: when the whole quantity 
belonging to this ſurface has been diſcharged, 
in copſequence of an equal quantity thrown 
upon the other ſurface, the bottle is charged 
as much as it can poſſibly be. The two ſur- 
faces are at this time in a ſtate of violence; the 
inner, or poſitive fide, ſtrongly diſpoſed to part 
with it's additional fire; and the outer, or ne- 
gative ſide, equally deſirous to attract what it 
has loſt ; but neither of them capable of having 
a change in it's ſtate effected, without the equal 


and cotemporary participation of the other. 


Notwithſtanding the vicinity of theſe two ſur- 
faces, and the ſtrong diſpoſition of the electric 
fluid contained in one of them, to communicate 
it's ſuperabundance to the other, and of that to 
receive it, yet there is an impenetrable barrier 
between them; for ſo impermeable is glaſs to 
the electric fluid, (though it permits one ſide of 
it to act upon the other,) that it's two ſurfaces 
remain in this ſtate of contrariety, till a com- 
munication is formed between them, ab extra, 
by a proper conductor, when the equilibrium is 
ſuddenly and violently reſtored, and the electric 
fluid recovers it's original ſtate of cquality on 
the two ſides of the glaſs. 
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Tart Leype PHIAL CONSIDERED IN A DIF- ; 
FERENT POINT er VItw. 

We have already ſhewn, that whenever a 
quantity of the electric fluid is brought within 
a certain diſtance of the ſurface of any body, 
(whether metal, wood, or glaſs,) it will always 
produce on that body a contrary electricity; and 
this more readily, and permanently, when the 
body has a communication with the earth. 
Ihe equilibrium will not be reſtored ſo long 
as the power continues of the ſame force, and 
acting at the ſame diſtance ; but the nearer this 
power is brought to the ſurface, the greater is 
the effect it will produce. It has alſo been 
ſhewn, that the electric fluid will communicate 
theſe powers through glaſs, nearly as well as 
through air. 

Now as glaſs reſiſts the — of the fluid 
more than wood or metal, the fluid will be 
longer in paſſing through a given length of glaſs, 
than through the ſame length of wood or metal. 

But by means of the metallic coating on one 
fide of the glaſs, the electric fluid is placed in 
the moſt advantageous ſituation for producing a 
ſtrong and uniform action on the contrary ſide, 
on v hich the reſiſtance is leſſened with as great 

advantages 
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advantages by the other metallic coating, which 
is connected with the earth; and this contra- 
riety will continue till the equilibrium is re- 
ſtored by connecting the oppoſite ſide with a 
conductor. 

When an electric is excited, the two powers 
are ſaid to be ſeparated: they are alſo known to 
repel their own particles, and attract the con- 
trary. When one ſide of a jar is made poſitive, 
may it not repel the poſitive electricity from the 
other ſide, ſeparating it from the negative, which 
is ſtrongly attracted through the glaſs ? 

The outſide of the jar cannot then be ſaid to 
be deprived of. it's electricity, but only has it's 
fluid changed; and when the fluids are ſepara- 
ted, they are ever eager to conjoin again.“ 


COMBINED APPARATUS. 


The apparatus, repreſented fig. 49, will be 
found exceedingly convenient for making a va- 
1 riety of experiments on the Leyden phial. I 

have endeavoured to combine the parts of it in 

in ſuch manner, as to render the apparatus ex- 

tenſively uſeful, without being complicated. A, 
is an inſulated pillar of glaſs, which is ſcrewed 
| to 


* See Eeles's Philoſophical Eſſays; Wilſon's Short View 
of Electricity; and Milner's Obſervations on Electricity. 
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to the wooden foot B: all the different parts of 
the apparatus may be ſcrewed alternately on 
this pillar. C, is an exhauſted tube of glaſs, fur- 
niſhed at each end with braſs caps: at the end 
D is a valve, properly ſecured under the braſs 
plate; a braſs wire, with a ball, projects from 
the upper cap; a pointed wire proceeds from 
the bottom plate; this tube is called the lumi- 
nous conductor. The flaſk, repreſented at E, 
is called the Leyden vacuum. It is furniſhed 
with a valve under the ball E; this ball un- 
ſcrews, in order to come more readily at the 
valve: a wire, with a blunt end, projects a little 
below the neck of the flaſk ; the bottom of the 
flaſk is coated with tin-foil: a female ſcrew is 
cemented to the bottom, in order to ſcrew it 
on the pillar A. 

F, is a ſyringe to exhauſt the air occaſionally, 
either from the luminous conductor, or the 
Leyden vacuum. To do this, unſcrew the ball 
of the Leyden vacuum, or the plate of the lumi- 
nous conductor, and then ſcrew the ſyringe in 
the place of either of theſe pieces, being careful 
that the bottom of the female ſcrew G bears 
cloſe againſt the leather which covers the ſhoul- 
der ab, cd, then work the ſyringe, and in a 
few minutes the glaſſes will be ſufficiently ex- 


hauſted. H and [ are two Leyden bottles, each 
I of 


K 
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of which has a female ſcrew fitted to the bot. 
tom, in order that they may be conveniently 
ſcrewed on the pillar A. The bottle H is fur- 


þ niſhed with a belt, that it may ſcrew ſideways 


on the pillar A. K and Lare two ſmall wires, 
which are to ſcrew occaſionally into either the 
ball E, the knobs e or f, the cap c, or the ſocket 
&, on the top of the pillar: the balls may be 
unſcrewed from theſe wires, which will then 
exhibit a blunt point. M 1s a wooden table to 
be ſcrewed on the glaſs pillar occaſionally, 


EXPERIMENTS ON CHARGING AND DISCHARGING 
THE LEYDEN PHIAL, INTENDED TO ELUCIDATES 
AND CONFIRM DR. FRANKLIN's THEORY. 


ExPERIMENT CXI.—To fſhew, that except the 
fluid goes off on one ſide, it can receive none on the 
other. Screw a Leyden phial, whoſe coating is 
free from points, upon an inſulated ſtand, and 
place it ſo that it's knob may be in contact with 
the conductor, taking care that no conducting 
ſubſtance is near the coating of the jar; turn the 
cylinder round a ſufficient number of times to 
charge the phial, then examine it with a diſ- 
charging rod, and you will find it had received 
no charge; which ſhews clearly, that except 
the electric fluid can eſcape from one ſide of the 

jar, 
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Jar, it can receive none on the. other, If there 
are any points on the coating, or damp on the 
ſtand, the fluid will be carried off by them, and 
the jar will receive a ſmall charge. The air, 
which ſurrounds the coating, will alſo ſome- 
times carry off a ſmall quantity of electricity. 

ExPERIMENT Cx11.—Place the ſame inſulated 
phial ſo that it's knob 'may be about half an 
inch from the conductor, and while the cylin- 
der is turning, hold a braſs knob near the coat- 
ing of the jar; this knob will receive a ſpark 
from the coating for every one that paſſes be- 
tween the conductor and the knob, and the jar 
will in a little time be charged, by adding elec- 
tricity to one ſide, and taking it away from the 
other, 

EXPERIMENT Cx111,—Screw the phial a, fig. 
42, on the inſulated pillar d, and bring it's knob 
in contact with the conductor; hold another 
bottle c, of the ſame ſize with a, ſo that it's 
knob may be in contact with the outſide coating 
of the bottle a ; turn the cylinder, and when the 
bottle a is charged, place c on the table, then 
unſcrew a from it's ſtand, and place it alſo 
on the table, but at ſome diſtance from the 
other; fit a braſs ball to the bottom ſtem of the 
quadrant electrometer, and hold the electrometer 
by a ſilk ſtring, ſo that the braſs ball may touch 

R the 
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the knob of the bottle; obſerve at what height 
the index of the electrometer ſtands, and then 
zemove it to the other bottle, which will raiſe 
the index to the ſame height; JSbewing clearly, 
that the batile has thrown off from the outſide as 
much electricity as it received on the infide. 

EXPERIMENT CXIV.—Bottle charged by the ac- 
tion of the two powers. Place the knob of an in- 
ſulated bottle in contact with a poſitive conduc. 
tor, and connect the outer coating with the 
euſhion, or a negative conductor, turn the cy- 
linder, and the bottle will be charged with it's 
own electricity; the fluid from the exterior 
coating being transferred to the interior one; 
'the bottle is charged in this inſtance without 
any communication with the earth. 

EXPERIMENT CXV.—Charge the two bottles, 
fig. 43, poſitively; connect their outſide coat 
ings by a wire or chain, then bring their knobs 
| together, there wilt be no ſpark between them, 
and the bottles will not be diſcharged, becauſe 
neither ſide has any thing to communicate to 
the other. 

\ EXPERIMENT CXVI. = Exploſion 98 * 
Charge the inſulated bottle, fig. 43, negatively, 
and the other poſitively; connect the coating by 
a chain, and bring the knobs towards each other, 


an exploſion will take place, and the bottles will 
be 


\ 
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be diſcharged. If a lighted candle is placed 
between the knobs, the exploſion will be made 
through the flame in a beautiful manner, and at 
ſome inches diſtance. See fig. 44. 

EXPERIMENT cxviI.— Diſcharge by tbe contrary 
power. Fix a quadrant electrometer to the ball 
of a Leyden bottle, and charge it negatively ; 
when it has received a full charge, the index 
will ſtand at go degrees; then place the bottle 
with it's electrometer at the poſitive conductor, 
turn the cylinder, the electrometer will deſcend, 
and the bottle will be diſcharged by the con- 
trary electricity. 
Ex ERIMENT cxvIII. Inſulate two Leyden 
bottles; let their coatings be in contact, and 
while you charge the inſide of one poſitively, 
let a perſon, ſtanding on the floor, touch the 
top of the other with his finger, and it will be 
charged negatively. 

EXPERIMENT cxtX.— LM, fig. 45, repreſents 
a Leyden jar, which is furniſhed with moveable 
coatings of tin; the inner one, N, may be re- 
moved by the filk ſtrings f, g, h; the jar may 
be taken from it's outer coating. 

Charge the jar, and then remove the coatings, 
bring a pair of pith balls towards the jar, and 


they will be ſtrongly attracted by it; replace the 
coatings, and the jar will give a conſiderable 
R 2 -* ſhock; 
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ſhock ; which ſhews, that the power or force of 
the charge is reſident in the glaſs, and not in the 
coatings. | | 
ExPERIMENT CXX.— Spotted bottle, TV, fig. 
46, repreſents a bottle, whoſe exterior coating 
is formed of ſmall pieces of tin-foil, placed at a 
little diſtance from each other. Charge this 
bottle in the uſual manner, and ſtrong ſparks of 
electricity will paſs from one ſpot of tin- foil to 
the other, in a variety of directions; the ſepa- 
ration of the tin-foil making the paſſage of the 
fluid from the outſide to the table viſible. Diſ- 
charge this bottle, by bringing a pointed wire 
gradually near the knob, and the uncoated part 
of the glaſs between the ſpots will be pleaſingly 
illuminated, and the noiſe will reſemble that of 
ſmall fired crackers. If the jar is diſcharged 
ſuddenly, the whole outſide ſurface appears il- 
luminated. To produce theſe appearances, the 
glaſs muſt be very dry. 
EXPERIMENT CxxI.—String a parcel of ſhat 
on a ſilk ſtring, leaving a ſmall ſpace between 
each of them; ſuſpend this from the conduc- 
tor, ſo that it may reach the bottom of a coated 
phial, which is placed on an inſulated ſtand ; | 
connect another ſtring of ſhot to the bottom of 
the jar, ahd let it communicate with the table, 
turn the machine, and a vivid ſpark will be ſeen 
F between 
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between each of the ſhot, both within and with- 
out the bottle, as if the fire paſſed through the 
glaſs. | 
EXPERIMENT CxxI1l.—Hold a phial in the 
hand which has no coating on the outſide, and 
preſent it's knob tow ards an electrified conduc- 
tor; the fire, while it is charging, will paſs 
from the outſide to the hand, in a pleaſing man- 
ner; on the diſcharge, beautiful ramifications 
will proceed from that knob of the diſcharger 
which is on the outſide all over the jar. 

© EXPERIMENT cxxIII.— Let a chain be ſuſ- 
pended from the conductor and paſs into an 
uncoated bottle, ſo that it does not touch the 
bottom ; put the machine in action, and the 
chain will move round in order, as it were, to 
lay the fire on the inſide of the jar, and thus 
charge it by degrees. | 

ExPERIMENT CXXIV.—Double boltle, Fig. 47 
repreſents two Leyden phials, placed one over 
the other. * Various experiments may be made 
with this double bottle, which are very pleafing, 
and elucidate clearly the received theory. 

Bring the outſide coating of the bottle A in 
contact with the prime conductor, and turn the 
machine till rhe bottle is charged ; then place 

one ball of the diſcharging rod upon the coating 
of B, and with the other touch the knob of the 
R 3 | f jar 


4 
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jar A, which will cauſe an exploſion. Now 
place one ball of the diſcharger on the knob of 
A, and bring the other ball to it's coating, and 
you have a ſecond diſcharge. Again, apply 
one ball of the diſcharger on the coating of B, 
and carry the other to the coating of A, and it 
will produce a third exploſion. A fourth is 
obtained by applying the diſcharger from the 
coating of A to it's knob. 

The outer coating of the upper jar communi- 
cating with the inſide of the under one, conveys 
the fluid from the conductor to the large j Jar, 
which is therefore charged poſitively ; the upper 
jar does not charge, becauſe the inſide cannot 
part with any of it's electric fluid ; but when 
a communication is formed from the outſide of 
A to the inſide of B, part of the fire on the inſide 
of A will be conveyed to the negative coating of 
B, and the jar will be diſcharged, The ſecond 
exploſion is occaſioned by the diſcharge of the 
jar A; but as the out ſide of this communicates, 
by conducting ſubſtances, with the paſitive in- 
ſide of the jar B, it the ball of the diſcharging 
rod remains a {mall time after the diſcharge on 
the knob of A, part of the fire of the inſide of 
A will eſcape, and be replaced by an equal 
quantity on the outſide from the jar B, by which 
means A 1s charged a ſecond time; the diſ- 

charge 
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charge of this produces the third, and of B the 
fourth exploſion. 


The following pleaſing Variations of the foregoing 
Experiment were communicated to me by Mr. 
J. Feit, of Ulverfion. 


A the upper bottle, B the under bottle. 
Knob of A applied to the conductor, and the 
charge given. 
1ſt diſcharge. Balls of diſcharger from coating 
of A to knob of A. 


2d ditto. From coating of B to knob of A. 
zd diſcharge. From coating of B to coating 
of A. 


4th ditto. From coating of A to knob of A. 
Coating of A applied to the conductor, and the 
charge given. 
iſt diſcharge. Balls of diſcharger from coating 
of knob B to knob A. 

2d ditto. From coating of Ato knob of A. 

3d ditto. From coating of B to knob of A. 

Ith ditto, From coating of B to coating 
of A. | 

5th ditto. From coating of A toknob of A, 

Coating of A applied to the conductor, and the 

charge given, touch the knob of A with one 

ball of the diſeharger, the other ball com- 

R 4 municating 
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municating with the earth, then proceed as fol- 


lows. 
1ſt diſcharge. Balls of diſcharger from coating 


| of A to knob of A. 
2d ditto. From coating of B to knob of A. 
3d ditto, From coating of A to knob of A. 


4th diſcharge. From coating of B to knob of A. 
Go on thus alternately, and fifteen, ſixteen, or 
. X * 
more diſcharges may be produced. 


Tux conTRARY STATE OF THE TWO OPPOSITR 
SIDES OF A CHARGED Lxtvpten BoTTLE, 
SHEWN BY THEIR RESPECTIVE ATTRACTIVE 
AND REPULSIVE POWERS, 


ExXPERIMTNT CXXV.—_Screw the bottle H, 
fig. 49, with the belt ſideways, on the inſulat- 
ing ſtand, as in fig. 48, and charge it poſitively, 
then touch the knob with a pair of pith balls, 
theſe will diverge with poſitive electricity; hold 
another pair to the coating, and they will ſepa- 
rate with negative electricity. 

_ ExPERIMENT cxxvI.—Electrify two pair of 
the pith balls which are fixed to the braſs tubes, 
as in fig. 22, plate II. by the knob of a poſi- 
tively charged bottle, and place them at a ſmall 
diſtance from each other, then puſh them toge- 
ther till the ends of the tubes are in contact, and 

| the 
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the balls will remain in the ſame ſtate they were 
m before they were brought together, becauſe 
their electricity is of the ſame kind. The re- 
ſult is the ſame if both pair are electrified by 
the coating; but if one pair is electrified by 
the coating and the other by the knob, when 
they are brought in contact, they immediately 
cloſe. 

ExrkERIM ENT exxvII.—A cork ball, or an 
artificial ſpider made of burnt cork with legs 


of linen thread, ſuſpended by filk, will play be- 


tween the knobs of two bottles, one of which is 
charged poſitively, the other negatively, and 
will in a little time diſcharge them. 

EXPERIMENT CXXVIII.—A ball ſuſpended on 
filk, and placed between two braſs balls, one 
proceeding from the outſide, the other from the 
inſide of a Leyden jar, when the bottle is 
charged, will fly from one knob to the other, 
and by thus conveying the fire from the inſide 
to the outſide of the bottle, will ſoon diſ- 
charge it. 

ExPpeRtMENT cxxix.— An inſulated cork 
ball, after having received a ſpark, will not. 
play between, but be equally repelled by two 
bottles which are charged with the ſame 


wer. 


EXPERIMENT cxxX.— At fig. 58 a wire is 
| fixed 
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fixed to the under part of the inſulated coated 
phial, b c another wire fitted to, and at right 
angles with the former, a braſs fly is placed on 
the point of this wire; charge the bottle, and 
all the tune the bottle is charging, the fly will 
tum round; when the bottle is charged the 
needle ſtops. Touch the top of the bottle with 
a finger, or any other conducting ſubſtance, 
and the fly will turn again till the bottle is diſ- 
charged. The fly will electrify a pair of balls 
pofitively while the bottle is charging, and ne- 
gatively when diſcharging. 

EXPERIMENT cxxxi.—Place a clean, dry, and 
excited pane of glaſs, about one foot ſquare, on 
an infulated box with pith balls, it will cauſe 
the balls to diverge with poſitive electricity, and 
they will continue to repel cach other upwards 
of four hours in dry air. When the balls come 
together, remove the glaſs, and they will open 
with negative electricity; replace the glaſs, and 
they wilt cloſe; remove it, and they will open 
again; and thus alternately as long as any elec- 
tricity remains in the glaſs. 

If the pane of glaſs be placed in a frame of 
wood, and a light pith or cork ball be laid on it's 
furface, on preſcnting towards it the end of a 
finger, or the point of a pin, the ball will recede 
from them with a very briſk motion, and may 

thus 
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thus be driven about on the ſurface of the glaſs, 
like a feather in the air by an excited tube. The 
ball being deprived of it's electricity by the pin, 
it inſtantly flies to that part of the glaſs which 
attracts it moſt forcibly. 

To excite the pane of glaſs; lay it upon a 


quire of large paper, well dried, and then rub 
it with a picce of clean dry flannel, 


Tur CONTRARY STATES OF THE DIFFERENT SIDES 
oF A LEyDben PHlal, AND THE DIRECTION 
or THE ELgcTric FLUID IN THE CHARGE AND 
DiscHARGE THEREOF, INVESTIGATED BY THE 
APPEARANCE OF This ELECTRIC Ltcur, 


We have already obſerved, that the different 
appearances of light on electrified points was 
deemed a criterion of the direction of the elec- 
tric fluid; that the luminous ſtar ſhews a point 
in receiving the electric matter, whilſt the lu- 

minous bruſh, or cone, indicates that it is pro- 
ceeding from a point. 

We ſhall now examine the ſtate of the different 
ſides of the Leyden bottle by theſe appearances, 

EXPERIMENT CXXXI1.—Screw the jar I on the 
inſulating pillar, and the pointed wire into the 
hole g, place another pointed wire at the end 
of the conductor, bring the knob of the jar near 


this 
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this wire, and then turn the cylinder, a pencil 
of rays will diverge from the pointed wire in 
the conductor to the knob of the jar, at the 
fame time another pencil of rays will diverge 
from the point at the bottom into the air. See 


fig. 50. 


Repeat this experiment with the negative con- 
ductor, and a luminous ſtar will appear on the 


end of each wire. | 
EXPERIMENT CXXXIII Screw a pointed wire 


into the knob of the jar, (ſee. fig: 51,) charge 


the bottle poſitively, the fire will be received 
from the conductor, by the pointed wire, and 


appear there as a luminous ſtar, while the wire 
on the outſide of the jar will throw off a diverg- 
ing cone. | 
Fig. 52 repreſents the foregoing appearances 
reverſed, by charging the jar negatjvely at the 
poſitive conductor, 
| This experiment may be further varied, by 
applying the bottle to a negative conductor. 
EXPERIMENT CXXxIV. — After the jar is 
charged, as in the foregoing experiments, turn 
that wire from the cylinder which before was 
neareſt to it, then put the machine in action, 
and the afflux and efflux will be more apparent 


than before ; one point throwing off, and the 
other 
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other receiving the fluid with extreme avidity, . 
which will in a little time diſcharge the jar. 

» ExPERIMENT CXXXV. — Charge the jar as 
before, then touch the wire which is connected 
with the negative ſide, and the oppoſite wire 
will throw off a diverging cone; but if the 
poſitive fide is touched, a luminous cone only 
w1ll be ſeen on the other wire. | 

EXPERIMENT CXXXVI.—Fig,. 53 is an electric 
jar, B B the tin-foil coating, C a ſtand which 
ſupports the jar, D a ſocket of metal which 
carries the glaſs rod E; a curved metallic wire, 
pointed at each end, is fixed to the end of the 
rod G, which rod is moveable at pleaſure in a 
ſpring tube N; that tube being fixed by a ſocket 
upon the top of the glaſs rod E, the charging 
wire communicates with the different diviſions 
of the inſide coating of the jar by Horjzontas 
wires. 

Place the jar as uſual, and put the machine 
in action, a ſmall luminous ſpark will appear 
upon the upper point of the wire F, (a plain in- 
dication that the point is then receiving electri- 
city from the upper ring of the coating on the 
outſide of the jar,) a fine ſtream or pencil of rays 
will at the ſame time fly off, beautifully diverg- 
ing from the lower point of the wire F. upon the 
bottom ring of the coating on the jar ; when 

| theſe 
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theſe appearances ceaſe, which they will as ſoon 


as the jar is charged, let a pointed wire be pre- 
ſented towards the prime conductor, this will 
ſoon diſcharge the jar ſilently, during which the 
lower point will be illuminated with a ſmall 


\ ſpark, while the upper point of the wire will 


throw off a pencil of rays, diverging towards the 
upper ring of the coating. 

ExPERIMENT cxxxvII.— Take a Leyden phial, 
the neck of which ſhould not be very broad, ſet 
the coating on the conductor, and charge it ne- 
gatively; when charged, if not too dry, the 


upper edge of the coating will throw off one or 


more bruſhes of -light into the air, which will 
viſibly incline towards the charging wire of the 
bottle, and ſometimes actually reach it. Pre- 
ſent the knob to the prime conductor, and 
charge the jar poſitively, a ſmall ſpark of light 
will firſt appear on the edge of the cork in the 
neck of the bottle, through which the wire paſles 


after a few turns of the cylinder ; this ſpark be- 


comes a bruſh, darting out from the cork, and 
gradually lengthening till it forms an arch, the 
end of it extending downwards till it reaches 


and touches the end of the coating. If the bottle 
be dry, it will in both caſes be diſcharged ſpon- 


taneouſly. See fig. 54 and 55, 
ExrzRIMZNT cxxxVIII.-An inſulated poſi- 
I tively 


* 
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tively charged bottle will give a ſpark from it's 
. knob to an excited ſtick of wax, while no ſpark 
will paſs between it and an excited glaſs tube. 

 ExPERIMENT CXXXix.—An analyſis of the Ley 
den phial, by means of the Leyden vacuum E, 
fig. 49.——5Screw this on the infulated fland, 
with the pointed wire from the bottom. Fig. 
56 repreſents the appearance of the fluid on the 
points when the bottle is charged negatively, at 
a conductor loaded with poſitive electricity. 

Fig. 57, the appearances it diſplays when it is 
charging poſitively at the ſame conductor. 

Fig. 59 is the ſame bottle charging poſitively 
at a negative conductor. Fig. 60, it is charging 
negatively at the ſame conductor. 

ExPERIMENT CXL.—PFig. 61 repreſents the 
luminous conductor on the inſulating ſtand. Set 
the collecting point near the cylinder, and place 
the knob of an uncharged phial in contact with 
the ball, or hang a chain from it to the table, 
and, on working the machine, the ball wilt be 
enveloped in a denſe electric atmoſphere. If 
the point be brought in contact with an inſulated 
rubber, and a communication is made from the 
ball to the table, the atmoſphere will be on the 
point in the tube. If a bottle, poſitively charged, 
be preſented, the appearances in the tube will be 
as delineated in fig. 62. But if a bale nega- 

tively 
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tively charged be thus applied, the appearance 
will be as in fig. 61. 

This tube, when mounted on it's inſulating 
ſtand, may be uſed inſtead of the prime con- 
ductor, and all the common experiments may 
be performed with it; the tube will be lumi- 
nous during the whole of the operation. 


Or THE D1REcTION or THE ELtcTrRIC MATTER 

IN THE DISCHARGE OF THE LEYDEN PHIAL. 

S 

EXPERIMENT CXLI.—Place a charged jar on 
à ſmall glaſs ſtand under the receiver of an air- 
pump; as the receiver is exhauſting the elec- 
tric fire will iſſue from the wire of the phial, in 
a very luminous pencil of rays, and continue 
flaſhing to the coating till the air is exhauſted, 
when the jar will be found to be diſcharged. 

If the phial is charged negatively, the current. 
of fire will appear to have a different direction 
from that which it had before. 

From this experiment we may infer the effects 
of the atmoſpheric preſſure upon the charge of 
the Leyden phial, and learn that it is the na- 
tural boundary to every charge of electricity we 
can give; and, conſequently, that a phial would 
contain double the charge, in air doubly con- 
denſed, as it does in the common atmoſphere, 

| . ſince 


2 
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ſince it would increafe the intenſity of the elec- 
tric atmoſphere. | j 2 | 
 ExpERINENT CXLH, - Place a ſmall lighted 
taper between the two balls of the univerſal diſ- 
charger, then paſs a very ſmall charge of a po- 
fitive phial through them, and the flame of the 
taper will be attracted in the direction of the 
fluid towards the coating. See fig. 63. 
EXPERIMENT cxLIHI.— The ſame ſmall charge 
from a negative bottle will reverſe. the appear- 
ance; 4 84 2 
In both theſe experiments it is neceſſary to uſe 
the leaſt charge that can be given, juſt ſufficient 
to leap the interruption in the circuit. 
EXPERIMENT CXLIV,;—Place a card on the ta- 
ble of the univerſal diſcharger, and bring one 
of the points under the card, then comect this 
point with the coating of a jar poſitively charged, 
place the other point on che top of the card, and 
at about an inch and a half from the former row 
complete the circuit, by bringing a diſcharging 
rod from the laſt wire to the top of a bottle, and 
the electricity will paſs through the upper wire, 
along the ſurface of the card, till it comes to the 
point which is underneath, where it will make 
a hole in the card, and paſs through the wire to 
the coating of the bottle. See fig. 64. 
EXPERIMENT CXLY.—Four cork balls, A, B, 


* Wl 
* | 
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C, D, being placed at equal diſtances from each 
other, from the balls of the diſcharging rod, and 
from the coating of a poſitively charged bottle ; 
on making the diſcharge, the ball A next the 
rod was repelled to B, which was again repelled 
to C, C remained immovable, but D flew to 

the coating of the bottle. 

ExPERIMENT cxIvI.— Take a card, and paint 
both ſides with cinnabar about the breadth of 
the finger, fix this card vertically by zlittle wax 
on the table of the univerſal diſcharger, let the 
pointed end of one of the wires touch one ſide 
of the card, and the end of the other wire the 
oppoſite fide ; the diſtance of the points from 
each other muſt be proportioned to the ſtrength 
of the charge; diſcharge a jar through the wires, 
and the black mark, teft by the exploſion on the 
coloured band, ſhews that the electric fluid 
paſſed from the wire, eommunicating with the 

infide of the bottle, to that which communi. 
cates with the outſide, againſt which it makes a 
hole. | 


EXPERIMENTS WHICH SEEM TO MILITATE 
AGAINST THE RECEIVED THEORY OF ELtc- 


ExrRIMTNT cxLvIt. — Let the ſurfaces of 
an electric plate be very ſlightly charged and 


AN ESSAY ON ELECTRICITY. 259 


inſulated, let an interrupted circuit be formed, 
the two powers will be viſible, illuminating the 
points of the interrupted circuits, and each 
power will appear to extend further from the 
ſurface contiguous to it, the ſtronger the charge 
that is-communicated to the plate; but if the il- 
luminations on cach ſide meet, there will imme- 
diately follow an exploſion of the whole charge. 
The length of the interrupted circuit uſed for 
this experiment was twelve feet.“ 
ExTERTM ENT cxLv1i.—If a cylindrical plate 
of air, contained in the receiver of an air- pump, 
be charged, it is obſerved, the more air that is 
exhauſted from between the ſurfaces, the more 


eaſily the powers will unite. 
EXPERIMENT CXLIX,—lf an exhauſted receiver 


be made part of the electric circuit, and the 
charge ſhould not be ſufficient to cauſe an explo- 
ſion, an electric light will appear to proceed in 
an oppoſite direction from the parts communi- 
cating with the negative and poſitive ſurſaces. 
ExPERIMENT I. Let a coated phial be ſer. 
on an inſulating ſtand, and let it's knob be 
touched by the knob of another phial negatively 


<lectritied ; a ſmall {park will he ſeen between 
them, and both ſides of the inſulated phial will 
be inſlantly negatively clectriſied. f 5 
82 7 FPFaſten 
Atwood's Analyſis of a Courſe of Lectures, p. 121, 
Encyclopædia Britannica, Vol. IV. p. 2698. 
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Faſten a pith ball electrometer by a little wax 
to the outſide coating of a jar, charge the jar 
flightly with poſitive electricity, and ſet it on an 


inſulated ſtand, the ball will either not diverge, 


or only a very little ; bring the knob of a bottle, 


- which is ſtrongly charged with poſitive electri- 


City, near the knob of the former, and the balls 
will diverge with poſitive electricity. 

ExprRIMENT CLE.—Let the ſame phial, with 
the pith balls affixed to it's outſide coating, be 
flightly charged negatively, and then inſulated, 
.bring the knob of a phial, which is ſtrongly clec- 
trified negatively, to that of the inſulated one, 
and the pith balls will diverge. with Negative 
electricity. 

ExpERIMENT cIII.— Charge a jar pofitively, 
and then inſulate it, charge another ſtrongly with 


negative electricity, bring the knob of the nega- 


tive bottle near that of the poſitive one, and a 
thread will play between them; but when the 
knobs touch each other, the threads, after being 
attracted, will be repelled by both. The nega- 
tive electricity is ſome how ſuperinduced on the 
poſitive, and, for a few minutes after they are 
ſeparated, both will appear negatively electri- 
Hed; but. if the finger is brought near the knob 
of that bottle on which the negative electricity 
was OR, it will inſtantly be diſſipated, 

a ſmall 
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z {mall ſpark will ſtrike the finger, and the 
bottle will be poſitively charged as before. 


Some of the poſitions which ſupport the 
Franklintan bypotbeſis, have been already conſi- 
dered ; e are now at a proper ſtage for point- 
ing out thoſe deficiencies which have been ob- 
ſerved in other parts of it, To ſupport this hy- 
potheſis, it is neceſſary to maintain, hat glaſs 
and other electric ſubſtances, though they comtain a 
great deal of electric matter, are nevertheleſs im- 
permeable to it. 
| This poſition appears contradictory at the firſt 

view; for it is not eaſy to conceive, that any ſub- 
ſtance can be full of a fluid, and yet impermeable 
by it. Eſpecially when a conſiderable quantity 
of this fluid is taken from one fide, and added to 
the other; and what is more ſurpriſing, the 
thinner the glaſs, and the leſs quantity it is ca- 
pable of containing, the more we are able to put 
into it, and the ſtronger will be the charge.“ 

The following among other experiments has 
been adduced as a ſtrong argument in favour of 
the impermeability of glaſs. Let a coated phial 
be ſet upon an inſulated ſtand, and the knob of 
another coated phial be brought near it; for 

S 3 every 


C Encyclopzdia Britannica, p. 2687, 
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every ſpark diſcharged from the prime conduc: 
tor to the knob of the firſt jar, a ſpark will pafs 
from the coating of the firſt to the knob of the 
fecond#: now a common obſerver generally ima- 
gines, that the fire runs through the glaſs ; Dr, 
Franklin concludes it does not, becauſe there is 
found a great accumulation of electricity on the 
inſide of the jar, which manifeſts itſelf when 
the inſide and outfide are made to communicate 
with each other. But we cannot from this and 
firnilar experiments conclude that glaſs is im- 
permeable, except we ſuppoſe the electric mat- 
ter to be accumulated on one ſide of the glaſs, 
and deficient on the other; but this has never 
yet been proved: it has indeed been ſaid, that if 
glaſs was permeable to this fluid, it could never 
be charged; but this reſts wholly on the ſuppo, 
ſition, that there is an accumulation of the fluid 
in bodles pofitively electrified, - and a deficiency 
in thoſe which are negatively fo,* | 
Mr. Wilſon, to prove the permeability of 
glaſs, took a very large pane of glaſs a little 
warmed, and holding it upright by one edge, 
while the oppoſite edge reſted upon wax, he 
rubbed the middle part of the ſurface with his 
finger, and found both ſides electrified plus ; l 
accounted for this from the electric fluid paſſing 
through 
* Ibid, p. 2687. 
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through the glaſs from his finger. But Dr. 
Prieſtley ſays, this appearance ought to take place 
on Dr. Franklin's principles; for the fire given 
to the glaſs by the finger on one ſide, repels an 
equal quantity from the other, which ſtands as 
an atmoſphere, ſo that both ſides appear poſi- 
tively electrified. Mr. Wilſon tried alſo another 
experiment, which ſeems more deciſive than the 
former. Having by him a pane of glaſs, one 
{ide of which was rough, and the other ſmooth, 
he rubbed it on one ſide; upon doing this, both 
ſides were electrified minus. Dr. Prieſtley at- 
tempts to reconcile this to Dr. Franklin's hypo- 
theſis, as the electric fluid, contained in the glaſs, 
ſays he, was kept equal on both ſides by the 
common repulſion. If the quantity on one fide 
is diminiſhed, the fluid on the other fide being 
leſs repelled retires inward, and leaves that ſyr- 
face minus. But ſurely thoſe words militate 
ſtrongly againſt the ſyſtem he means to eſtabliſh. 
The quantity of fluid in one fide being diminiſh- 
ed, that on the other, he ſays, retires impard, 
But into what docs it retire? If into the fub- 
ſtance of the glaſs, then is the glaſs permeable 
by it, which is the very thing Dr. P. argues 
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DR. Grey on THe FRANKLINIAN: EXPLANATION 
or THE LEyYPen PHIAL. 


Dr. Franklin, in various parts of the firſt 
volume of his experiments and obſervations, 
aſſerts, that the natural quantity of electric fluid 
in glaſs cannot be increaſed or decreaſed ; «and 
that it is impoſſible to add any to one ſurface of 
a plate or jar, unleſs an cqual quantity be, at 
the ſame time, given out from the other ſurface. 
This error has been adopted by ſucceeding elec- 
tricians; among others, by the late Mr. Henley, 
who in one of his laſt papers, printed in the Phi- 
loſophical TranſaQtions for the year 1777, has the 
following words: © According to Dr. Franklin's 
theory, the ſame quantity of the electric matter 
which is thrown upon one of the ſurfaces of 
glaſs, in the operation of charging it, is at the 
ſame time repelled or driven out from the other 
ſurface ; and thus one of the ſurfaces becomes 
charged plus, the other minus; and that this is 
really the caſe, is, I think, ſatisfactorily proved,” 
&c. | | 
Beccaria alſo has adopted the ſame opinion, 
ſaying, that a quantity of exceſſive fire cannot 
be introduced into one ſurface, but inaſmuch &s 
an equal doſe of natural fire can quit the other 
ſurface. | | 


Theſe 
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Theſe aſſertions are, I apprehend, directly 
contrary to what really happens; inſtead of 
which, I believe, we may ſafely aſſert, that glaſs, 
and every other known ſubſtance, may have it's 
natural quantity of electric fluid either increaſed 
or diminiſhed to a certain limited degree: 
which degree bears no proportion to the quan- 
tity of matter contained in a body, but is 
{ceteris paribus) in proportion to the extent of 
it's ſurface. | 

This law, which is perhaps without excep- 
tion, may be conſidered as one of the funda- 
mental laws of electricity, and one upon which 
many of it's principal phænomena depend. At 
preſent, I ſhall only conſider it fo far, at it is the 
cauſe of what is commonly called the charge of 
a coated jar: ſuppoſe ſuch a jar inſulated, and 
connected by it's knob to the prime conductor 
of an electrical machine; if then the machine 
be put in action, a certain quantity of electric 
fluid (agreeable to the above-mentioned law) is 
added to the natural quantity belonging to the 
inner ſurface of the jar. After which, if the 
finger, or any ,other conducting ſubſtance, be 
preſented to the outer coating of the jar, a 
quantity of electric fluid, nearly equal to that 
thrown in, comes from it. But this departure 
pf electric fluid from the outſide of the jar, 

/ cannot 
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cannot be (as Dr. Franklin ſuppoſes it) the 
cauſe which permits the addition of fluid to the 
infide, but is merely the conſequence of the 
action of that ſuperfluous quantity which was 
thrown in; and the operator may, if he pleaſes, 
inſtead of taking the electric fluid from the out- 
fide of the jar, take out again (by touching the 
knob) nearly the whole of what he had thrown in, 
which he could not do if an equal quantity had 
already gone from the outſide of the jar. When 
the quantity already ſpoken of has been taken 
from the outſide of the jar, (the equilibrium 
being nearly reftored) another quantity like 
the firſt may again be added to the inner ſur- 
face; after which a ſimilar quantity may again 


be taken from the outſide: thus, by the ſuc- 


ceſſion of a ſufficient number of the quantities 
allowed by the before-mentioned law, the jar 
may at length be completely charged. 

There are other ways of charging coated glaſs; 
but if it be allowed, that the charge, in the fore- 
going inſtance, is produced in the manner 1 
have ſyppoſed, it will nor, I think, be diſputed, 
that all other charges are produced by a ſimilar 


alternation of ſmall quantities; this, however, 


will appear more clear from the following ob- 
iervations on the manner in which the diſ- 


.charge is produced, 


ws a When 
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When the aſtoniſhing velocity, with which 
the charge of a jar or battery moves through a 
conſiderable ſpace, is confidered, it may at firſt 
appear impoſhble, that the diſcharge ſhould be 
made by the alternate giving and receiving ſuch 
fmall quantities as thofe by which the charge 
was produced: yet a more ampte conſideration 
of the matter will, I think, ſhew that it cannot 
poſſibly be broughr about any other wity. 

I preſume it will be granted, that the charge 
of a jar (in diſcharging) either leaves it all ar 
once, or goes out by rhe ſame fmall quantities 
by which it went in. To ſuppoſe any inter- 
mediate manner, would neither leſſen the dif- 
ſiculty, nor would it be conſonant to any of the 
known. laws of electricity. 

If then the whole charge leave the jar al at 
once, there muſt be a point of time at which the 
jar will be without any electric fluid, either on 
one fide or the other ; nay more, ſuppoſe a large 
Jar or battery to be diſcharged by means of a few 
inches of thin wire, there will then be a point 
of time at which the whole quantity of electric 
fluid, which conſtituted the charge, muſt be 
contained in a piece of wire, weighing only a 
few grains. 

Now, if it be conſidered, that time (like 
matter} 1s infinitely diviſible, may we not rather 


4115 ſuppoſe, 
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ſuppoſe, that the diſcharge of a jar is nothing 
more than an inconceivable rapid ſucceſſion of 
ſuch ſmall quantities as may be ſent off, without 
cauſing ſuch a deſtruction of the equilibrium as 
the laws of electricity ſeem not to admit. To 
this we may add from other experiments, t 
one fide of a charged electric may contain more 
of one power than is ſufficient to ballance the cõn- 
trary power on the other ſide. For, if a charged 
jar is inſulated, and the diſcharge is made by a 
diſcharger with a glaſs handle, after the explo- 
fion, the diſcharger, and both ſides of the jar, 
will poſſeſs a contrary power to that obtained 
on the ſide of the jar, which was touched the 
laſ} before the diſcharge. 


Dr. Grey's paper, Philoſ. Tranſ. part 1ſt, 1788. 


CHAP, 
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CHAP. MM 


Or Tire ELgcTRICAL BATTERY, AND THE 
LATERAL EXPLOSION OF CHARGED JARS. 


O increaſe the force of the electric explo- 
ſion, ſeveral Leyden phials are conneQed 
together in a box; this collection is termed an 
electrical battery. Fig. 65 repreſcnts one of the 
molt approved form. 

The bottom of the box is covered with tin- 
foil, to connect the exterior coatings ; the in- 
ſide coatings of the jars are connected by the 
wires b, c, d, e, f, g, which meet in the large 
ball A; C is a hook at the bottom of the box, 
by which any ſubſtance may be connected with 
the outſide coating of the jars ; a ball B pro- 
ceeds from the inſide, by which the circuit may 
be conveniently completed. The following 
precautions are neceſſary to be attended to by 
thoſe who make uſe of an electrical battery. 

To keep the top and uncoated part of the jars 
dry and free from duſt, and after the exploſion , 
to connect a wire from the hook to the ball, 
which ſhould be left there till the battery is to 
be charged again, which will totally obviate the 
incon- 


9 


*S | 


* 


* 
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inconveniences that have occaſionally happened 


from the reſiduum of a charge. 

If one jar in a battery is broke, it is impoſſi- 
ble to charge the reſt till the broken jar is re- 

moved.“ 

To prevent the jars of a large battery 6 

at the time of the exploſion, it has been recom- 
mended not to diſcharge a battery through a 
good conductor, except the circuit is at leaſt 
five feet long; but what is gained on one hand 
by this method, is loſt on the other, for, by 
lengthening the circuit, the force of the ſhock is 
weakened proportionably. 
I have been informed, that it is very difficult 
to break by an exploſion the jars which are made 
of green glaſs, fabricated at Newcaſtle, but have 
had no opportunity. to make any experiments on 
this glaſs myſelf. 

The force of a battery may be conſiderably 
increaſed by concentrating the ſpark from the 
exploſion, which is effected by cauſing it to paſs 
through ſmall circuits of non- conducting ſub- 
ſtances. By this means the reſiſting medium, 
through which the ſpark is to paſs, may be ſo 

prepared 


. 4 


A cracked jar may be made to receive a charge, by 
taking away the external and internal coatings which were 
over the crack, ſo as to leave a ſpace of about one fourth 
of an inch between the crack and remaining tin · ſoil. 
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prepared as to augment it's power. If the ſpark | 
is made io paſs through a hole in a plate of glaſs, 
one twelfth or one ſixth part of an inch in dia- 
meter, it will be leſs diſſipated, more compact 
and powerful. If the part round the hole is 
wetted with a little water, the ſpark, by con- 
verting this into vapour, may be conveyed to a 
greater diſtance, with an increaſe of rapidity, 
attended with a louder noiſe than common. 
Mr. Morgan, by attending to theſe and ſome 
other circumſtances, has melted wires, &c. with 
ſmall bottles, F Q 
EXPERIMENT CLIIH.—To make wire red hot. 
Paſs the charge of a ſtrong battery through two 
or three inches of ſmall wire, it will ſometimes 
appear red hot, firſt at the poſitive ſide, and 
the redneſs will proceed regularly towards the 
other end. | 
EXPERIMENT CLIV.—To perforate paper. Diſ- 
charge a battery through a quire of paper, a 
perforation will be made through it ; each of 
the leaves is protruded by the ſtroke from the 
middle towards the outward leaves, as if the 
fire darted both ways from the center. If the 
paper is very dry, the fire meets with more 
difficulty in it's paſſage, and the hole is ſmalL 
If that part of the paper, through which the 
exploſion is made, is wet, the hole is larger, | 

the light more vivid, and the exploſion louder. 
Exyee- 
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EXPERIMENT CLV,—To give the magnelic porter. 
The diſcharge of a battery through a ſmall ſtecl 
needle: will, if the charge is ſufficient, com- 
municate magnetiſm to the needle. 

EXPERIMENT cIVI.— To invert the magnetic 
poles. The diſcharge of a battery through a 
ſmall and ſlender magnetic needle, will gene- 
rally deſtroy the polarity of the needle, and ſome- 
times invert the poles thereof. To ſucceed in 
this experiment, it is often neceſſary to paſs 
ſeveral ſtrong charges through the needle, be- 


fore it is removed from the circuit. 


It appears, from Beccaria's experiments, that 
the magnetic polarity, which is communicated 
to the needle by electricity, depends on the po- 
ſition of rhe needle when the charge is ſent 
through it, and is not regulated by the di- 
rection of the electric matter in entering the 
needle. 25 
EXPERIMENT CLVII.—Altvocd on electric per. 
foration. Let a quire of paper be ſuſpended by 
a line in the manner of a pendulum from any 
convenient altitude, ſo that it's plane may be 
vertical. Let the largeſt charge from a battery 
be cauſed to paſs through it, while quieſcent in 
an horizontal direction perpendicular to the 
:plane, the rods of communication not touching 
the paper; the phænomena are, firſt, the 
— ä aperture 
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aperture heretofore mentioned, the leaves 
being protruded both ways from the middle : 
ſecond, not the ſmalleſt motion is communicated 

to the paper from the force of the diſcharge. 
A quire of the thickeſt and ſtrongeſt paper 
was made uſe of for this experiment, the height 
from which it was ſuſpended ſixteen feet. It is 
an extraordinary appearance on the hypotheſis 
of a ſingle electric fluid, that a force ſufficient 
to penetrate a ſolid ſubſtance of great tenacity 
and coheſive force, ſhould not communicate the 
ſmalleſt motion to the paper, when a breath of 
air would cauſe ſome ſenſible vibration in it. 
But this difliculty is not unanſwerable: for a 
velocity may be aſſigned, with which a body 
impinges againſt and paſſes through a. pendu- 
lum of any given weight and reſiſting force, ſo 
that a ſmaller angular velocity ſhall be com- 
municated to it, than any that ſhall be propoſed, 
and we know no limit to the velocity of the clec- 
tric power or powers. But the other phæno- 
menon, i. e. the oppoſite direction in which the 
leaves are protruded, tends very much to 
ſtrengthen the opinion of two oppoſite currents. 
Perhaps either of thoſe phænomena, conſidered 
ſimply, may admit of an eaſy ſolution from the 
hy potheſis of a ſingle power ; when they are taken 
9 both 


274 AN ESSAY ON ELECTRICIPY, 


both together, it ſeems more difficult to reconcile 
this hypotheſis with matter of fact.“ 

ExPERIMENT cIVIII.— To melt a wire. Dif- 
charge a battery through a ſlender piece of wire, 
ex. gr. one oth of an inch in diameter, the wire 
will be broken to pieces, or melted, ſo as to fall 
on the table in glowing balk. 

When 2 wire is melted in this manner, the 
ſparks fly frequently to a conſiderable diſtance, 
being ſcattered by the exploſion in all directions. 

If the force of the battery is very great, the 
wire will be entirely diſperſed by the force of 
the exploſion. Small particles of ſuch ſubſtances 
as cannot be eaſily drawn into wire, as platina, 
grain gold, ores, &c. may be placed in a groove 

of wax, and then put into the circuit; if a diſ- 
charge of ſufficient ſtrength is paſſed through 
them, they will be melted. 

The force, by which wires are melted by a 
battery, varies with the length of the circuit, as 
the fluid meets with more reſiſtance in propor- 
tion as the paſſage through which it is to paſs 
is longer. Dr. Prieſtley could melt nine inches 
of ſmall iron wire at the diſtance of fifteen feet, 
but at twenty feet diſtance he could only make 
' fix inches of it red hot, ſo that metals reſiſt with 
conſiderable force the paſſage of the electric fluid, 

and 


* Atwood's Analyſis, 
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and therefore in eſtimating the conducting pow- 
ers of different ſubſtances, their length muſt be 
particularly attended to. 

ExPERIMENT CLIX.—Incloſe a very ſlender 
wire in a glaſs tube, diſcharge a battery through 
this wire, and it will be thrown into globules of 
different ſizes, which may be colleted from 
the inner ſurface of the tube: they are often 
found to be hollow, and little more than the 
ſcoria of the metal. 

Many experiments have been made, in order 
to try the different conducting powers of metals, 
by paſſing the diſcharge of a battery through 
them ; but it has not yet been determined, whe- 
ther the greater facility with which ſome metals 
are exploded depends on the eaſe with which 
the fluid paſſes through them, or whether it 
proceeds from the degree of reſiſtance they make 
to it's paſſage, or from a want of ductility in 
the metal, which is therefore leſs capable of ex- 
panſion. 

ExPERIMENT CLx. —Diſcharge a battery 
through a chain which is laid on paper, and 
black marks will be left on the paper in thoſe 
places where the rings of the chain touch each 


other ; the rings will be more or leſs melted at 


thoſe places. 
EXPERIMENT CLXI,—To ſtain chats Hake two 


T 2 pieces 
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pieces of window glaſs, of about 3 by 2 inches: 
place a ſlip of brafs or gold leaf between then, 

leaving the metallic leaf out beyond the glaſs at 
each end; then place the two pieces of glaſs in 
the preſs of the univerſal diſcharger, bring the 
points of the wires ET, E F, fig. 3, to touch 
the ends of the leaves, and paſs a diſcharge 
through them, which will force part of the metal 
into the glaſs, and ſtain with a colour which dif- 
fers from the metal that is made uſe of. The 
metallic teaf ſhould be made narroweſt in the 
middle, becauſe the force of the electric fire is 
in proportion to it's denfity, which is increaſed 
when the ſame quantity of fire is compelled to 
paſs through fewer conducting particles. 

The explofion in melting the ſtripes of leaf. 
gold, &c. renders them non- conducting, and leſs 
capable after each diſcharge to tranſmit another. 
Some particles of the metal are driven imo the 
glaſs, which is really melted; thoſe parts of the 
metal, which lie contiguous to the glaſs, are the 
moſt perfectly fuſed. The pieces of glafs which 
cover the ſlip of metal are generally n to 
pieces by the diſcharger. 

EXPERIMENT CLX11.—YTo break det * of 
glaſs. Place a thick piece of glaſs on the ivory 
plate of, the univerſal diſcharger, fig. 3, pl. II. 
and a tek piece of Ivory © on the glaſs, on which 

9 | a weight 
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a weight from one to ſeven pounds is to be 
placed; bring the points of the wires EF ET 
againſt the edge of the glaſs, and paſs the diſ- 
charge through the wires, by connecting one of 
the wires, as EF, with the hook C of the bat- 
tery, fig. 65, pl. IV. and forming a commu- 
nication, when the battery is charged, from the 
other wire ET to the ball, and the glaſs will he 
broken and ſome part of it ſhivered to an im- 
palpable powder, When the piece of glaſs is 
ſtrong enough to reſiſt the ſhock, the glaſs is 
often marked by the exploſion with the moſt 
lively and beautiful colours. I have been in- 
formed by Mr. Morgan, that if the glaſs is ce» 
mented down, the effect is the ſame as when it 
is preſſed by the weights ; and this mode is in 
various experiments more convenient. 

Place a piece of very dry white wood be- 
tween the balls of the univerſal diſcharger, the 
fibres of the wood to be in the ſame direction 
with the wires, paſs the ſhock through them, 
and the woods will be torn to pieces; or run the 
points into the wood, and then pals the ſhock 
through them. 


EXPERIMENT CLXILL— To raiſe Weights. If 
the diſcharge is paſſed under the piece of ivory _ 
with the weights upon it, without any glaſs be- 
tween the piece of ivory and the table GH of 

TY the 
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the univerſal diſcharger, the weights will be 
lifted up by the lateral force of the diſcharge ; 
the number of weights muſt be proportioned to 
the force of the exploſion. 

ExPERIMENT CLXIV.—Lateral exploſion. Fig. 
96, a repreſents an inſulated rod, nearly touch- 
ing a charged jar; b is another inſulated rod, 
placed in a line with and near to the former; 
make the diſcharge by the rod e, from which a 
chain hangs that does not touch the bottom of 
the jar, and the rod b will receive an electric 
ſpark, which quits it again almoſt in the ſame 
inſtant, becauſe the fineſt threads hung upon it 
will not be electrified by the ſpark. 

This electrical appearance, without the cir- 
cuit of a diſcharging jar, is called the n 
exploſion. 

If pieces of cork, or any light bodies, be 
placed near the exploſion of a jar or battery, 
they will be moved out of their place in all di- 
rections from the center of the exploſion; and 
the greater the force of the exploſion, ſo much 
greater will the diſtance be to which they are 
removed. It is not ſurpriſing, therefore, that 
heavy bodies ſhould be removed to conſiderable 
diſtances by a ſtrong flaſh of lightning. Dr. 
Prieſtley apprehends, that this ſpecies of lateral 


force is produced r the exploſion of the air 
from 
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from the place through which the electric diſ- 
charge paſſes, | 

This latcral force is not only exerted in the 
neighbourhood of an exploſion, when it is made 
between pieccas of metal in the open air, but alſo 
when it is tranſmitted through pieces of wire 
that are not thick enough to conduct it perfectly. 
The ſmaller the wire is, and the greater the 
fuſion, the greater is the diſperſion of light bodies 
near it. 

EXPERIMENT CLXV.—Courſe of lateral exploſion. 
If circuits, different in length and of different 
ſubſtances, form a communication between two 
charged ſurfaces of an electric plate, it is ob- 
ſerved, the diſcharge will be made through the 
beſt conductors, whatever be the length of the 
others. 

2. If circuits of the ſame ſubſtance be differ- 
erent in length, the diſcharge will be made 
through the ſhorteſt of them, 

3. If che circuits be the ſame in every reſ- 
pect, the diſcharge will be made through many 
of them at the ſame time.* 

If one circuit conſiſts of undried wood, and is 
of conſiderable length in compariſon of another 
which conſiſts of metal, the diſcharge will be 
made wholly through the latter, unleſs the charge 
| 1512S ſhould 


* Atyood's Analyſis, p. 119, 120, 
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ſhould be very great, in which caſe ſome ſmall 
part will paſs through the wood. | 

If a ſhort metallic red and any part of the hu- 
man body form two circuits between the ſame 
charged ſurfaces, the diſcharge will, in general, 
be made wholly through the metallic rod ; but 
if the charge is very great, or if the rod is very 
fender, or if it ſhould be very long, in either of 
theſe caſes the diſcharge may be perceived to 
paſs through that part of the body which forms 
one of the circuits. 

This will be the caſe when the charge is ſmall, 
but it may be ſo increaſed as to paſs through 
both the longer and ſhorter circuits, 

I have been informed by a gentleman, that 
it was his cuſtom to make a variety of circuits 
for the diſcharge of a large jar or battery; and, 
that having a ſufficient number of theſe, he 
could introduce himſelf into one of them, and 
take his part of the ſhock without inconvenience, 
it even was not diſagreeable; and he could by 
this means leſſen the ſenſation almoſt to no- 
thing. | 

ExPsRIMENT CLXVI.—Mr. Henley made a 
double circuit, the firſt by an iron bar, one inch 
and a half in diameter, and half an inch thick ; 
the ſecond, by four feet and a. half of ſmall 
chain. On diſcharging a jar, containing five 
hundred 
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hundred 8 inches of coated ſurface, the 
electricity paſſed in both circuits, ſparks being 
viſible on the ſmall chain in many places. On 
making the diſcharge of three jars, containing 
together ſixteen ſquare feet of coated ſurface, 
through three different chains at the ſame 
time, bright ſparks were viſible in them all, 
The chains were of iron and braſs, of very dif- 
ferent lengths ; the ſhorteſt ten or twelve inches, 
the longeſt many feet in length. When thoſe 
jars were diſcharged through the iron bar be- 
fore-mentioned, together with a ſmall chain, 
three-quarters of a yard in length, the whole 
chain was illumined, and covered throughout 
with beautiful rays, like briſtles, or golden hair. 
Having placed a large jar in contact with the 
prime conductor, he affixed to the coating of 
it an iron chain, which was alſo connected with 
a plate of metal, on which was made the diſ- 
charge by the diſcharging rod: this done he 
hooked another chain, much longer, and of braſs, 
to the oppoſite ſide of the jar, and brought the 
end of it within eight inches and an half of the 
metal plate. In contact with this end a ſmall 
oak ſtick was laid, eight inches long, which was 
covered with ſaw-duſt of fire-wood, On mak- 
ing the diſcharge upon the plate, both the 
Fhains were luminous through their whole 

| lengths, 
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lengths, as was alſo the ſaw-duſt, which was 
covered by a ſtreak of light, making a very 


pleaſing appearance. 


At the glaſs-houſe there is generally a great 
number of ſolid ſticks of glaſs, about one quar- 


ter of an inch diameter; if theſe be examined 


narrowly, ſeveral of them will be found tubu. 


lar a conſiderable length; the diameter of the 
cavity ſeldom exceeds the 200th part of an inch. 


Select and break off the tubular part, which 
may be filled with quickſilver by ſucking, care 
being taken that no moiſture previouſly inſi- 
nuates itſelf ; the tube will then be prepared for 
the experiment. 

EXPERIMENT cTXVII.— Diſplyſian of mercury. 
Paſs the ſhock through this ſmall thread of 
quickfilver, which will be inſtantly diſploded, 


and will break or ſplit the tube in a curious 


manner.“ 

EXPERIMENT CLXVIIT. —Take a glaſs tube, 
the bore of which is about one quarter of an 
inch, fill it with water, and ſtop the ends with 
cork, inſert two wires through the corks into 
the tube, ſo that their ends may nearly touch, 
make the ends of theſe part of a circuit from a 
battery; on the diſcharge, the water will be 

0 diſperſed 


* Nicholſon's Introduction to Philoſophy, p. 413, 
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diſperſed in every direction, and the tube blown 
to pieces by the diſcharge. 

The electric fluid, like common fire, con- 
verts the water into an highly elaſtic vapour. 
Dr. Franklin, on repeating this experiment with 
ink, could not find the leaſt ſtain upon the white 
paper, on which the tube had been placed. 
Beccaria paſſed the ſhock through a. drop of 
water, which was ſupported, in the center of a 
ſolid glaſs ball, between the ends of two iron 
wires, and the ball was ſhivered in pieces by the 
exploſion. On this principle he contrived what 
he calls an electrical mortar, which will throw a 
ſmall leaden ball to the diſtance of twenty feet. 
It is clear, from ſeveral of the foregoing efiſſeri- 
ments, that the electric fluid endeavours to ex- 
plode; in every direction, the parts of the reſiſt. 
ing ſubſtances through which it paſſes, 

EXPERIMENT CLXIX. — Elefric earthquake. 
Place a building, which is formed of ſeveral 
looſe pieces of wood, on a wet board in the 
middle of a large baſon of water, let the electric 
flaſh from a battery be made to paſs over the 
board, or over the water, or over both; the 
water will be ſtrongly agitated, and the building 
thrown down. The report is louder than when 
the exploſion paſſes only through the air, 


— 


The 
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The electric fluid endeavours to paſs near the 
ſurface of the water where it meets with more 
reſiſtance, than if it is forced to paſs through it. 
This partly ariſes from the power the electric 
fluid has of raiſing an expanſive vapour from the 
ſurface of the water, which drives off the re- 
liking air. { 

A diſcharge paſſed over the ſurface of a piece 
of ice will leave on it ſmall unequal cavities, ex- 
Hibitiwg.the ſame appearance as if a hot chain 
had been placed on it. 

A diſcharge ſent through a green leaf tears 
the ſurface in various directions, leaving an 
image in miniature of ſome of the effects of 

A diſcharge will paſs to a certain 
diſtance over ſpirit of wine, without inflaming 
it; but, if the diſtance is increaſed, it will ſet 
it on fire, From hence it appears, that the 
facility with which the electric fire is tranſmit- 
ted over the ſurface of moiſt ſubſtances, depends 
on the caſe with which they are turned into 
- Vapours. | 7 
The diſcharge, in melting the particles of 
metals, drives into it's paſſage the conducting 
vapours which ariſe from them; and in pro- 
portion as the parts of any body are more rea- 
dily driven into vapour or duſt, the ſpark 
run to a greater diſtance. 
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EXPERIMENT CLXX. — Wire longthened. If a 
wire is ſtretched by weights, and a ſhock is ſent 
through it that will render it red hot, it is ſound 
to be conſiderably lengthened after the dif- 
charge. When the wire is looſe, it is {aid to be 
ſhortened by the exploſion. 

EXPERIMENT CLXX1.—It a long narrow trough 
of water is made part of the circuit in the dii- 
charge of a battery, and a perſon's hand be im- 
merged in the water at the time of the explo. 
ſion, he will feel an odd vibration in the water, 
very different from an electrical ſhock. The 
quick ſtroke from the repercuſſion of the air and 
the vapour, is communicated to the hand by the 
water, and the hand receives a ſhock ſunilar to 
that received by a ſhip at ſea during an carth- 
quake, | 
ExPERIMENT CLXXI1.—-Priſmatic rings. Place 
. a plain piece of metal between the points of the 
umverſal diſcharger, paſs ſeveral exploſions of a 
battery through the wires, and the diſcharges 
will gradually form on the metal different cir- 
cles, beautifully tinged with the priſmatic 'co> 
lours. The circles appear ſooner, and are clofer 
to each other, the nearer the point is to the fur- 
face of the metal. The number of rings, or 
circles, depend on the ſharpneſs of the point: 
the experiment therefore fucceedsberter if a 

2 ſharp 
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ſharp needle is faſtened to one of the points of 
the diſcharger. 

Several very curious experiments were made 
by Dr. Watſon and others, to aſcertain the diſ- 
tance to which the electric ſhock might be con- 
veyed, and the velocity with which it moves; 
In his firſt experiment, the ſhock was given and 
ſpirits fired by the electric matter, which had 
been conveyed through the river Thames. In 
the next experiment, the electric fluid was made 
to paſs through a circuit of wo miles, croſſing 
the New-river twice, going over ſeveral gravel- 
pits, and a large field. It was afterwards con- 
veyed through a circuit of four miles. It paſſed 
over theſe ſpaces inſtantaneouſly as to ſenſe. 
This ſenſible inſtantaneity in the motion of the 
electric fluid was aſcertained by an obſerver, 
who, though in the room with the charged phial, 
was, at the ſame time, in the middle of a circuit 
of two miles, and felt himſelf ſhocked at the ſame 
inſtant he ſaw the phial diſcharged. 

Notwithſtanding this ſurpriſing velocity, it is 
certain, that both fides of a charged phial may 
be touched ſo quickly, even by the beſt conduc- 
tors, that all the electric matter has not time to 
make the circuit, and the phial will remain but 
half diſcharged ; and there are ſeveral inſtances 


where the motion appears ſlow, and not eaſily 
reconcilable 
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reconcilable with this immeaſurable velocity ; 
and it is alſo certain, that this fluid is reſiſted in 
it's paſſage through, or over, every ſubſtance. 
The wonderful part of the foregoing experi- 
ments will vaniſh, if we admit the reaſoning of 
Dr. Gray and Mr. Volta on this ſubject; and the 
reader will find this reaſoning conſiderably 
ſtrengthened by experiments of Mr. Atwood 
related in this Eflay, though it muſt be owned, 
theſe experiments ſeem to lead much further, 
and give an idea of the direction of the electric 
fluid in the diſcharge of the Leyden phial, 
which differs altogether from the received theory. 


CHAP. 
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n A r. M.. 


On THz Drrrustox AND SUBDIVISIONS or 
FLutps BY ELECTRICITY. 


| E are chiefly indebted to the Abbe Nol- 
let for what is known on the ſubject of 
this chapter, which was inveſtigated by him 
with incredible induſtry and patience. I have 
only ſubjoined rhe principal reſult of his experi- 
metits, and muſt refer the reader, for a more 
ample account, to the Abbe's own writings, 
or Dr. Prieſtley's Hiſtory of Electricity. 
_ Electricity augments the natural evaporation 
of fluids; ſince, excepting mercury and oil, all 
the others which were tried ſuffered a diminution 
that could not be aſcribed to any other cauſe 
than electricity. | 
It increaſes the evaporation of thoſe fluids 
moſt, which naturally tend to evaporate readily. 
Volatile ſpirits of ſal-ammoniac loſt more than 
ſpirits of wine, this more than water, &c. 
Electricity acts ſtrongeſt upon the fluids, when 
the veſſels which contain them are-non-eclectrics. 
The evaporation was greateſt in the moſt open 
veſſels, but did not increaſe in proportion to 
| their 
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their apertures. It does not make any liquor 
evaporate through the pores either of metal or 
glaſs. | 
To extend theſe principles further, the Abbe 
made a great variety of experiments on elec- 
trified capillary tubes, and found, that the ſtream 
would be ſub-divided, but it is not ſenſibly 
accelerated, if the tube is not leſs than one tenth 
of an inch diameter in the inſide. 

Under this diameter, if the tube 1s wide 
enough to let the fluid run in a ſtream, electri- 
City will accelerate it's motion in a ſmall degree. 

If the tube is ſo far capillary that the water 
only iſſues from it in drops, the electrified jet 
becomes a continued ſtream ; it will even be 
divided into Teveral ſmaller ones, and it's mo- 
tion is conſiderably accelerated; the ſmaller the 
diameter of the tube, the greater is the accele- 
ration. When the ſurface is wider than one 
tenth of an inch, electricity ſeems rather to re- 
tard the motion of the fluid. 

From ſome very accurate experiments made 
by Mr. de Sauſſure with his new hygrometer, 
it appears that the foregoing theory, which 
aſſerts that electricity always promotes evapora- 
tion, is only true under certain reſtrictions. It 
increaſes the evaporation from thoſe bodies 
which are ſuperſaturated, but does not occaſion 


U \ any 
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any evaporation in thoſe which do not contain 
a ſuperabounding quantity of water. 
EXPERIMENT CLXXIII. Elefrical jet d'eau. 
Fig. 77 repreſents a metal phial, to which a 
capillary tube is adapted, which will only permit 
water to paſs through it in interrupted drops. 
Fill the pail with water, and ſuſpend it from 
the prime conductor, then turn the cylinder, 
and the water. will paſs through the tube in a 
continued ſtream ; this will feparate into other 
ſtreams, that will appear luminous in the dark. 
EXPERIMENT CLXxXIv.—Suſpend one pail from 
a poſitive conductor, and another from a nega- 
tive one, ſo that the end of the tubes may be 
about three or four inches from each other, and 
the ſtream proceeding from one will be attracted 
by that which iſſues from the other, and form 
one ſtream, which will be luminous in the dark. 
If the pails are ſuſpended on two poſitive, or 
two negative conductors, the ſtreams will recede 
from each other. | | 
ExPERIMENT CLXXV.—Elefrical ſtream of a- 
ter. Place a metal baſon on an inſulating ſtand, 
and connect it with the prime conductor; then 
pour a ſmall ſtream of water into the baſon, 
which in the dark will have a beautiful appear- 
ance, as the ſtream will be divided into a great 
number of lucid drops. 


ExpkRI- 
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EXPERIMENT CLXXVI.—Elef7rified ſponge. Dip 
a ſponge in water, and then ſuſpend it from the 
conductor; the water, which before only drop- 
ped from it, will now fall faſt, and appear in 
the dark like fiery rain. 

EXPERIMENT CLXXVIT.—Contrary eſtecłs of elec 
tricity in forming jet d'eaus. Hold a pail, which 
is furniſhed with ſeveral capillary tubes placed 
in various directions, near an electrified con- 
ductor, and the water will ſtream out of thoſe 
jets near the conductor, while it will only drop 
at intervals from thoſe which are oppoſite to ir. 

EXPERIMENT CLXXVIII.—Contcal drop of water. 
The knob of a charged jar will attract a drop of 
water from a ſaucer, &c. This drop, the mo- 
ment the bottle is removed from the ſaucer, 
| aſſumes a conical ſhape, and if it is brought near 
any conducting ſubſtance, it is driven forcibly 
away in ſmall ſtreams, which are luminous in 
the dark. 

It appears by this experiment, that the elec- 
tric fire not only tends to ſeparate the particles 
of water, and to diſſipate them into vapour as 
common fire, but that it effects this with un- 
common rapidity. 

EXPERIMENT CLXXIX. — Diſcharge a battery 
through a drop of water, previouſly placed on the 
knob of one of it's bottles; the whole will be 

U 32 inſtantly 
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inſtantly exploded into vapour; the ſparks will 
be much longer than common, and more com- 
pact. 

Beccaria obſerves, that by ſending «diſcharge 
to a greater or leſs diſtance, through one or more 
drops of quickſilver, the diſcharge diffuſes itſelf 
into drops, and drives them into vapour; part of 
it riſing into the air in the form of ſmoke, the 
other part remains on the glaſs. 

ExPERIMENT CLXXX,—A drop of water hanging 
from the condenſing ball of an electriſied conductor, 
will ſtretch towards water placed in a cup under 
it, lengthening and ſhortening itſelf according 
to the force of the electricity. 

ExPerIMENT CLXXXI.—Zig-2ag ſpark from a 
"drop of water. Place a drop of water on the 
prime conductor, turn the machine, and long 
2ig:zag ſparks may be taken from it; the drop 
will take a conical figure; the body that receives 
the ſpark will be wetted, and the ſpark will be 
conſiderably longer than can be obtained from 
the conductor without the water.“ 

EXPERIMENT cIXXXII. — Threads - ſpun Ade 
wax. Stick a piece of ſealing- wax on the con- 
ductor, in ſuch a manner that it may be eaſily 

ſet on fire by a taper; while it is flaming turn 
the cylinder, the wax will become pointed and 
ſhoot 
* Nicholſon's Introduction to Philoſophy, 


* 
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ſhoot out an almoſt inviſible thread into the air, 
to the length of a yard and more. If the fila- 
ments that are thrown out by the wax are re- 
ceived on a ſheet of paper, the paper will be 
covered by them in a very curious manner, and 
the particles of the wax will be fo far ſubdivided 
as to reſemble fine cotton. To faſten the piece 
of wax conveniently to the conductor, ſtick it 
firſt on a ſmall picce of paper, then twiſt the 
end of the paper ſo as to fit one of the holes 
which are made in the prime conductor; when 
it is thus placed, it may be readily fired by a 
taper. i ar 
EXPERIMENT CLXXXI1I.— Elerical fountain. 
Inſulate a fountain made by condenſed air, and 
which emits only one ſtream ; eleQrify the foun- 
tain, and the ſtream will be ſeparated into a 
great number; theſe will diffuſe themſelves 
equally over a large ſpace of ground. By laying 
a a finger upon the conductor, and taking it off 
again, the operator may command either the 
ſingle ſtream or the divided one, at pleaſure. 
EXPERIMENT CLXXXIV.— Eletrify two ſmall 
inſulated fountains with the different electric 
powers ; the ſtreams of both will be diſperſed 
into very minute particles, which- will run to- 
gether at the top, and come down in heavy 
drops, like a ſhower of rain, | 


3 CHAP. 
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CHAP. XII 


Or ruER ELtctrre Licht I Vacuo., 


EXPERIMENT CLXXXV. 


AKE a tall dry receiver, and inſert in the 
3 top, with cement, a wire with a rounded 
end, then exhauſt the receiver, and preſent the 
knob of the wire to the conductor, and every 
ſpark will pals through the vacuum in a broad 
ſtream of light, viſible the whole length of the 
receive moving with regularity, unleſs it is 
ſolicited and bent out of it's way by ſome non- 
electric, then dividing itſelf into a variety of 
beautiful rivulets, which are continually dividing 
and uniting in a moſt pleaſing manner. If the 
veſſel is graſped by the hand, at every ſpark a 
pulſation is felt, like that of an artery, and the 
fire bends itſelf towards the hand. This pulſa- 
tion is even felt at ſome diſtance from the re- 
ceiver, and in the dark a light is ſeen between 
the hands and the glaſs. The ſtreams of light 
paſs ſilently through the receiver, becauſe the 
air is removed, by whoſe vibration ſound is pro- 
duced. | | | 
From ſome experiments made ſevera} years 
ſince by Mr, Wilſon, with an excellent air- 


Foe 


1 
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pump of Mr. Smeaton, he obſerved, that very 
ſmall differences of air occaſioned very material 
differences in the luminous effects produced by 
the electric fluid; for when all the air was taken 
out of the receiver, which this pump at that 
time was capable ot extracting, no electric light 
was vilible in the dark. Upon letting in a little 
air by a ſtop-cock, a taint electric light was vi- 
ſible, and by lerting in a little more air increaſed 
the light, which again decreaſed on letting in 
more air; till at laſt, on admitting great quan- 
tities, it entirely vaniſhed. By this experiment 
it appeared, that a certain limited quantity of 
air was neceſſary to occaſion the greateſt lumi- 
nous effect. 

ExXPERIMENT CLXXXVI.—No repulſive power in 
the particles electricity. Fig. 82 repreſents an 
exhauſted receiver, ſtanding on the plate of an 
air-pump, a6 an electrified wire diſcharging a 
ſtream c of the electric fluid on the plate of 
the air-pump. If the ſtratum of air on the out- 
fide of the receiver be leſſened by the applica- 
tion of the finger ro the receiver, and by this 
means an opportunity be given to the fluid on 
the outſide to eſcape, the fluid within will be 
impelled to that part, as at def. 


It has been inferred from this experiment, 
v4 that 


= 
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that no repulſive power exiſts between the par- 
ticles of the electric fluid ; becauſe, if it was in 
itſelf really elaſtic, or endowed with a repulſive 
power of it's own, it is not probable it could 
pals in an uninterrupted ſtream, as at hc, when 
the reſiſtance was taken off; it would then 
ſpread wider, and diſplay it's elaſtic power. 

It is more conſiſtent, ſays Dr. Watſon, to 
ſuppoſe, that the repulſion of theſe particles, 
which is ſeen in the open air, is occaſioned by 
the reſiſtance of the air, and not by any natural 
tendency of the electricity it{elf. 

By conſidering the experiments made with 
the electric fluid iz vacuo, we attain a clear idea 
of the reſiſtance the air continually makes to it's 
paſſage, and ſee that the divergence of it's rays 
is not to be attributed to an imaginary repulſion, 
but to the reſiſtance of the ambient air, for the 
divergence ceales, and the rays unite, when this 
reſiſtance is removed. 

EXPERIMENT SIXX XVII. — Before the air was 
exhauſted from the receiver, if the wire at the 
top of it was electrified, a diverging bruſh pro- 
cceded from it, about an inch long, bur little 
of the fluid paſſing off, and even that little re- 
quiring a ſtrong impulſive force to pyſh it for- 
ward, On exhauſting the receiver the following 
changes took place: firſt, the rays of the bruſh 
| became 
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became longer; ſecondly, the rays diverged 
leſs, were fewer in number, and the ſize of the 
remaining rays was increaſed ; thirdly, they all 
united at laſt, and formed a continued column 
of light, from the wire to the plate of the air. 


pump. - 


— 


„ 


From this experiment it is clear, that the air 
is the agent by which, with the aſſiſtance of 
other electrics, we are able to communicate 
electricity to electrics, as well as non-clectrics ; 
for when this is removed, the fluid pervades the 
vacuum, and flies off to a conſiderable diſtance, 

EXPERIMENT cIXXXVIII.— Zo diſlinguiſb with - 
great accuracy the changes in the form and length of 
the electric ſpark when it is paſſing through a ro- 
ceiver, the air of which is more or leſs rarified, 
Fix a ball to the rod, let another proceed from 
the plate of the air- pump; the balls are to be 
placed about one inch from each other. When 
the vacuum is good, a ſingle uniform ray, of a 
purple colour, paſtes from one ball to the other; 
bur in proportion as the air is admitted, the ray 
agquires a quivering motion, which indicates 
that a reſiſtance to it's motion then begins, and 
this interruption is followed by a diviſion of the 
ray or ſtream; the ray now acquires a more 
vivid light; and, laſtly, it becomes the common 

ſpark, 
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ſpark, which is emitted with greater or leſs faci- 
lity, in proportion to the power of the machine, 
and the reſiſtance of the air. 

EXPERIMENT cIXXXIX.— Aurora borealis. Pre- 
ſent a thin exhauſted flaſk, ſimilar to that re- 
preſented at E, fig. 49, but without any coat- 
ing on the outſide, to the conductor, and the 
bottle will be luminous from end to end, and 
when taken from the conductor, will continue 
luminous, moving in various curvilincar direc- 
tions for a conſiderable time, flaſhing at inter- 
vals in a manner which very much reſembles the 
Aurora Borealis. The light may be revived by 
paſſing the flaſk through the hand. The ſtroke 
of the fluid againſt the glaſs is very ſenſibly 
keard and felt in this experiment. 


The flexuous motions of the electric fluid in 
an exhauſted receiver may, in ſome degree, be 
produced at pleaſure. By wetting the outſide 
of the receiver, the fire will follow the direction 
of the wetted line, as the reſiſtance is now leſ- 
ſened on one ſide; and the fire can adhere and 
accumulate itſelf on the inſide of the receiver, 
becauſe, by means of the dampneſs, it can expel 
a portion from the outſide. 

This experiment may be exhibited very 
pleaſingly, by making a Torricellian vacuum 

in 


AN ESSAY ON ELECTRICITY. 299 


in a glaſs tube about three feet long, and then 
ſealed hermetically. Hold one end of this tube 
in the hand, and apply the other to the conduc- 
tor, and immediately the whole tube will be 
illuminated from end to end, and will continue 
ſo for a conſiderable time after it is removed 
from the conductor, flaſhing at intervals for 
many hours. 

EXPERIMENT CXC. — Luminous jets of fire. 
Screw on a ball, of about an inch diameter, to 
the rod of the plate of the collar of leather of an 
air-pump ; place this on a tall receiver; con- 
nect the exterior part of the rod with the con- 
ductor; place ſome cylindrical pieces of metal 
on the plate of the pump, then exhauſt the re 
ceiver in part, and electrify the rod at . 
and luminous jets of fire like fulminating me- 
teors will fly from the ball to the cylinders of 
metal. | 

EXPERIMENT CXCI.— Another beautiful ap- 
pearance may be produced in the dark, by in- 
ſerting a ſmall Leyden phial into the neck of a 
tall receiver, ſo that the outward coating may 
be expoſed to the vacuum. Exhauſt the re- 
ceiver, and then charge the phial, and at every 
ſpark which paſſes from the conductor to the 
inſide, a flaſh of light is ſeen to dart from every 
part of the exterpal ſurfage of the jar, ſo as ta 


fill 
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fill the receiver. Upon making the diſcharge, 
the light is ſcen to return in a cloſe body. 
EXPERIMENT CXCH.—4£lefrified barometer. A 
very perfect vacuum for the paſlage of the elec- 
tric fluid may be made by a double barometer, 
ar long bent tube of glaſs filled with mercury 
and inverted, each leg ſtanding in a baſon of 
mercury; the bent part of the tube above the 
mercury forms a complete vacuum. If a bottle 
is diſcharged through this ſpace, the light ap- 
pears unitorm through the whole ſpace, but is 
moſt vivid when the diſcharges are ſtrong. Dr. 
Watſon inſulated this apparatus, and then made 
ane of the baſons of mercury communicate with 
conductor, and touched the other with a 
nen- electric; the electric fluid pervaded the 
vacuum in a continued flame, withaut any diver- 
genee: when one of the baſons was connected 
with the inſulated cuſhion, the fire appeared to 
pervade the vacuum in a different direction. 
EXPERIMENT CXCIII. Fig. 83 repreſents a 
glaſs tube, fuch as is generally uſed tor barome- 
ters; on the end-4 a ſtecl cap is cemented, from 
which a wire and ball cd proceed into the tube. 
Fill this tube with quickſilver, and then, by 
fending up a large bubble of air, and repeatedly 
inverting the tube, free the quickſilver and iron 
ball from air, according to the ordinary mode of 
filling 
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filling barometers; then place a fall drop of 
ther on the quickſilver, and put the finger on 
the end of the glaſs tube, and inſert the end 
F in a baſon of quickfilver, taking care not to 
remove the finger from the end of the tube, till 
the end is immerged half an inch under the 
filver. When the finger is removed, the quick- 
ſilver will deſcend, and the æther will expand 
itſelf, leſſen the vacuum, and deprels the mer- 
cury in the tube: now preſent the metallic top 
of the tube to a large charged conductor, and 
a beautiful green ſpark will paſs from the ball 
to the quickſilver. By admitting a ſmall quan- 
tity of air into the vacuum, an appearance 
ſomething ſimilar to a falling ſtar is obtained. 
FExPERIMENT CXCIV.—Cavallo on electric ap- 
pearances in vacuo. Place the braſs cap of a well 
exhauſted receiver, at about half an inch from 
the prime conductor, ſo that when the machine 
is in action, fparks may paſs from the conduc- 
tor to the braſs cap of the receiver. Mr. Ca- 
vallo, in relating the circumſtances attending an 
experiment of this kind made by him, obſerves, 
that when the receiver was exhauſted, the ſpark 
paſſed from tlie cap to the plate of the pump 
through the receiver, illuminating it's Whole 
cavity; that the vacuum became a better con- 
ductor of electricity in proportion as it was more 

I perfect, 
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perfect, and that the electric light was more 
equally diffuſed, but it was by no means faint 
when the receiver was exhauſted to the utmoſt. 
The light changed according as the receiver 
was more or leſs exhauſted. The appearances 


were as follow. 


DzecrEE or RAREFACTION, APPEARANCES OF THE 
AS SHEWN BY THE Gace, ELECTRIC Liehr wiTH- 
: IN THE RECEIVER, 


Light in large, long, 
but divided ſtreams. 
Fine diffuſed light of 
oy a white colour. 
Beautiful diffuſed light 
- inclining to red or 
400 | purple, and filling 
L the whole receiver. 
When the gage ſhewed [A diffuſed light filled 
equally the receiver; 
it had hardly any 
L reddiſh hue.* 


Air rarified 40 times. 


80 


the utmoſt * 
of exhauſtion, 


See alſo EXPERIMENT 112, 113, 121, 122, of 
this Eſſay, for further obſervations on the ap- 
pearance of the electric light in vacuo. 


* Phik, Tranſ. vol. lxxiij, part ii. p. 451: 


EXPERI 


\L 
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Experiments on Elefric Light, by Mr. WIIIIAM 
| Moka. 


1. There is no fluid or ſolid body, in it's paſ- 
ſage through which the electric fluid may not 
be made luminous; in water, ſpirit, oil, animal 
fluids of all kinds, the diſcharge of a Leyden 
phial, of almoſt any ſize, will appear very ſplen- 
did, provided we take care to place them in the 
circuit, ſo that the fluid may not paſs through 
too great a quantity of them. The general me- 
thod is, to place the fluid, on which the expe- 
riment is to be made, in a tube three quarters of 
an inch in diameter, and four inches long; ſtop up 
the orifices of the tube with two corks, through 
which puſh two pointed wires, ſo that the points 
may approach within one-eighth of an inch to 
each other; the fluid, in paſſing through the 
interval which ſeparates the wires, is always lu- 
minous, if a force be uſed ſufficiently ſtrong; 
the glaſs tube, if not very thick, always breaks 
when this experiment ſucceeds. To make the 
paſſage of the fluid luminous in the acids, they 
muſt be placed in capillary tubes, and two wires 
introduced, as in the preceding experiment, 
whoſe points ſhall be very near each other. It 


is a well-known fact, that the diſcharge of a 
-- _ 
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ſmall Leyden phial, in paſſing over a ſtrip of 
gold, filver, or Dutch metal leaf, will appear 
very luminous. By conveying the contents of a 
jar, meaſuring two gallons, over a ſtrip of gold 
leaf, one-eighth of an inch in diameter, and a 
yard long, it will frequently give the whole a 
dazzling brightneſs. We may give this experi- 

ment a curious diverſity, by laying the gold or 
ſilver leaf on a piece of glaſs, and then placing 
the glaſs in water; for the whole gold leaf will 
appear moſt brilliantly luminous in the water, 
by expoſing it, thus circumſtanced, to the ex- 
ploſion of a battery. 

2. The difficulty of making any quantity of 
the electrical fluid luminous in any body, in- 
creaſes as the conducting power of that body 
increaſes. 

In order to make the contents of a jar lumi- 
nous in boiling water, a much higher charge 
is neceſſary, than would be ſufficient to make it 
luminous in cold water, which is univerſally 
allowed to be the worſt condufor. 

There are various reaſons for believing the 
acids to be very good conductors ; if, therefore, 
into a tube filled with water, and circumſtanced 
as has been already deſcribed, a few drops of 
either of the mineral acids are poured, it will 
be almoſt impoſſible to make the fluid luminous 
in it's paſſage through the tube. 
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If a ſtring, whoſe diameter is one-cighth of 
an inch, and whoſe length is fix or cight inches, 
is moiſtened with water, the contents of a jar 
will paſs through it luminouſly ; but no ſuch 
appearance can be produced by any charge of 
the ſame jar, provided the ſame ſtring be moiſt 
ened with one of the mineral acigs. To the 
preceding inſtance we may add 3 in- 
ſtances of metals which will conduct the electri- 
cal fluid, without any appearance of light, in 
circumſtances the ſame with thoſe in which the 
ſame force would have appeared luminous in 
paſſing through other bodies, whoſe conduQing 
power is leſs. : 

3. That the eaſe with which the electrical fluid 
is rendered luminous in any particular body, is 
increaſed by increaſing the rarity of the body. 
The appearance of a ſpark, or of the diſcharge 
of a Leyden phial, in rarefied air, is well known. 
But we need not reſt the truth of the preceding 
obſervation on the ſeveral varieties of this fact; 
ſimilar phenomena attend the rarefaction of 
ether, of ſpirits of wine, and of water. 

E.xPERIMENT CXCV,—Spark in rareſed water, 
ſpirits of wine, etber, and acids. Into the orifice of 
a tube, 48 inches long, and two-thirds of an 
inch in diameter, cement an iron ball, ſo as to 


bear the weight which preſſes upon it when the 
X tube 
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tube is filled with quickſilver, leaving only an 
interval at the open end, which contained a few 
drops of water. Having inverted the tube, and 
plunged the open end of it into a baſon of mer- 
cury, the mercury in the tube ſtood nearly half 
an inch lower than it did in a barometer at the 
ſame inſtant, owing to the vapour which was 
formed byWe water. But through this rareſied 
water, the electrical ſpark paſſed as luminouſly 
as it does through air equally rarcfied. 

If, inſtead of water, a few drops of ſpirits of 
wine are placed on the ſurface of the mercury, 
phenomena, ſimilar to thoſe of the preceding 
experiment, will be diſcovered, with this diffe- 
rence only, that as the vapour in this caſe is 
more denſe, the electrical ſpark, in it's paſſage 
through it, is not quite ſo luminous as it is in 
the vapour of water. | | 

Good ether, ſubſtituted in the room of the 
ſpirits of wine, will preſs the mercury down ſo 
low as the height of 16 or 17 inches. The elec- 
trical fluid, in paſſing through this vapour, (un- 
leſs the force be very great indeed,) is ſcarcely 
luminous; but if the preſſure on the ſurface of 
the mercury in the baſon, be gradually leſſened 
by the aid of an air-pump, the vapour will be- 
come more and more rare, and the electric ſpark, 
in paſſing through it, more and more luminous. 

It 
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It has not been diſcovered, that any vapour 
does eſcape from the mineral acids when ex- 
poſed in vacuo, To give them, therefore, 
greater rarity or tenuity, different methods are 
found neceſſary. With a fine camel-hair pen- 
cil, dipped in the vitriolic, the nitrous, or the 
marine acid, draw upon a piece of glaſs a line, 
about one-eighth of an inch broad, In ſome 
inſtances, you muſt extend this line to the length 
of 27 inches, and you will find that the con- 
tents of an electric battery, conſiſting of ten pint 
phials coated, will paſs over the whole length of 
this line with the greateſt brilliancy. If, by 
widening the line, or by laying on a drop of the 
acid, it's quantity be increaſed in any particular 
part, the charge, in paſſing through that part, 
will not appear luminous. Water, ſpirits of 
wine, circumſtanced ſimilarly to the acids in 
the preceding experiments, will be attended 
with ſimilar, but not equal effects; becauſe, in 
conſequence of the inferiority of their conduct- 
ing power, it will be neceſſary to make the line, 
through which the charge paſſes, conſiderably 
ſhorter. | 

4. The brilliancy or ſplendor of the electric 
fluid, in it's paſſage through any body, is always 
increaſed by leſſening the dimenſions of that 
body; that is, a ſpark, or the diſcharge of a 
| X 3 battery, 


* 


four yards long. This thread, at the end which 
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battery, which we might ſuppoſe equal to a 
ſphere one quarter of an inch in diameter, will 
appear much more brilliant, if the ſame quan- 
tity of fluid is compreſſed into a ſphere one- 
eighth of an inch in diameter. This obſerva- 
tion is the obvious conſequence of many known 
facts; if the machine be large enough to afford 
a ſpark, whoſe length is nine or ten inches, this 
ſpark may be ſeen ſometimes forming itſelf into 
a bruſh, in which ſtate it occupies more room, 
but appears very faintly luminous; at other 
times, the ſame ſpark may be ſeen dividing it- 
ſelf into a variety of ramifications, which ſhoot 
into the ſurrounding air. In this caſe, likewiſe, 
the fluid is diffuſed over a large ſurface, and in 
proportion to the extent of that ſurface, ſo is 
the faintneſs of the appearance. A ſpark, which 
in the open air cannot exceed one quarter of an 


inch in diameter, will appear to fill the whole | 


of an exhauſted receiver, four inches wide and 
eight inches long: but in the former caſe it is 
brilliant, and in the latter it grows fainter and 
fainter, as the ſize of the receiver increaſes. This 
obſervation is further proved by the following 
experiments. | | 

EXPERIMENT CXCVI.—To- an inſulated ball, 
four inches in diameter, fix a filver thread, about 


%, 


18 
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is remoteſt from the ball, muſt be fixed to an- 
other inſulated ſubſtance. Bring the ball within 
the ſtriking diſtance of a conductor, and the 
ſpark, in paſſing from the conductor to the ball, 
will appear very brilliant; the whole length of 
the ſilver thread will appear faintly luminous at 
the ſame inflant. When the ſpark 1s confined 
within the dimenſions of a ſphere, one-eighth 
of an inch in diameter, it will be bright; but 
when diffuſed over the ſurface of air which re. 
ceived it from the thread, it's light will be fo 
faint as to be ſcen only in a dark room. If you 
leſſen the ſurface of air which receives the ſpark, 
by ſhortening the thread, it will not fail to in- 
creale the brightneſs of the appearance. 

ExPERIMENT CXcV11.—To prove that the 
faintneſs of the electric light in vacuo, depends 
on the enlarged dimenſions of the ſpace through 
which it is diffuſed ; we have nothing more to 
do than to introduce two pointed wires into the 
vacuum, ſo that the fluid may paſs from the 
point of the one, to the point of the other; 
when the diſtance between them 1s not more 
than the one tenth of an inch, in this caſe. we 
ſhall find a brilliancy as great as in the open 
air. 

ExPERIMENT cxcvIII. Into a Torricellian 
vacuum, 36 inches long, convey as much air as 

X 3 will 


310 AN ESSAY ON ELECTRICITY. 


will fill two inches only of the exhauſted tube 
if it were inverted in water; this quantity of 
air will afford reſiſtance enough to condenſe the 
Auid as it paſſes through the tube into a ſpark, 
38 inches in length. The brilliancy of the ſpark 
in condenſed air, in water, and in all ſubſtances 
through which it paſſes with difficulty, depends 
on principles fimilar to thoſe which account for 
the preceding facts. | 

5. That in the appearances of electricity, as 
well as in thoſe of burning bodies, there are 
caſes in which all the rays of light do not 
eſcape; and that the moſi refrangible rays are thoſe 
which efeape firſt or moſt eaſily. The electrical 
bruſh is always of a purple or bluiſh hue. If 
you convey a ſpark through a Torricellian va- 
cuum, made without boiling the mercury in the 
tube, the bruſh will diſplay the indigo rays. 
The ſpark, however, may be divided and weak- 
ened, even in the open air, ſo as to yield the 
moſt refrangigle rays only. 

; EXPERIMENT cxcix.— To an inſulated me- 
tallic ball, four inches in diameter, fix a wire a 
foot and a half long; this wire ſhould terminate 


jn four ramifications, each of which muſt be 
fixed to a metallic ball half an inch in diame- 
ter, and placed at an equal diſtance from a me- 
tallic plate, which muſt be communicated by 

We | metallic 
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metallic conductors with the ground. A pow- 
erful ſpark, after falling on the large ball at one 
extremity of the wire, will be divided in it's 
paſſage from the four ſmall balls to the metallic 
plate. When you examine the divition of the 
fluid in a dark room, you will diſcover ſome 
little ramifications, which will yield the indigo 
rays only: indeed at the edges of all weak ſparks, 
the ſame purple appearance may be diſcovered. 
You may likewiſe obſerve, that the nearer you 
approach the center of the ſpark, the greater is 
the brilliancy of it's colour. 

6. That the influence of different media on elec- 
trical light, is analcgous Io their influence on ſolar 
lizht, and will help us to account for ſome very 
ſingular appearances. 

 ExPERIMENT cc, Let a pointed wire, hav- 
ing a metallic ball fixed to one end of it's 
extremities, be forced obliquely into a piece of 
wood, ſo as to make a ſmall angle with the ſur- 
face of the wood, and to make the point lie 
about one eighth of an inch below the ſurface. 
Let another pointed wire, which communicates 
with the ground, be forced in the ſame man- 
ner into the ſame wood, ſo that it's point like- 
wiſe may lie about one-eighth of an inch below 
the ſurface, and about two inches diſtant from 
the point of the firſt wire. Let the wood be 
| X 4 inſulated, 


| 
| 
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inſulated, and a ſtrong ſpark, which ſtrikes on 
the metallic ball, will force it's paſſage through 
the interval of wood which lies between the 
points, and appear as red az blood, To prove 
tat this appearance depends on the wood's ab- 
ſorption of all the rays but the red ; when theſe 
points were deepeſt below the ſurface, the red 
only came to the eye through a priſm; when 


they were raiſed a little nearer the ſurface, the 


red and orange appeared; when nearer ſtill, the 
yellow; and ſo on, till, by making the ſpark 
paſs through the wood very near it's ſurface, 
all the rays were at length able to reach the eye. 
If the points be only one-cighth of an inch be- 
low the ſurface of ſoft deal wood, the red, the 
orange, and the yellow rays will appear as the 
ſpark paſſes through it; but when the points 
are at an equal depth in a harder picce af wood, 
ſuch as box) the yellow, and perhaps the orange, 
will diſappear. As a farther proof that the 
phenomena, thus deſcribed, are owing to the 
interpolition of the wood, as a medium which 
abſorbs ſome of the rays, and ſuſſers others to 
eſcape ; it may be obſerved, that when the ſpark 
ſtrikes very brilliantly on one fide of the piece 


of deal, on the other ſide it will appear very 


red. In like manner, a red appcarance may 
be given to a ſpark which ſtrikes brilliantly over 
the 
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the inſide of a tube, merely by ſpreading ſome 
pitch very thinly over the outſide of the ſame 
tube. 

EXPERIMENT CCI.—lf into a Torricellian va- 
cuum, of any length, a few drops of ether are 
conveyed, and both ends of the vacuum are 
ſtopped up with metallic conductors, ſo that a 
ſpark may paſs through it; the ſpark in it's 
paſſage will aſſume the following appearances, 
When the cye is placed cloſe to the tube, the 
ſpark will appear pertectly white; if the eye is 
removed to the diſtance of fix or ſeven yards, 
the colour of the ſpark will be reddiſh. Theſe 
changes evidently depend on the quantity of 
medium through which the light paſſes, and 
the red light of a diſtant candle, or beclouded 
ſun. 

EXPERIMENT CCII.—Dr. Prieſtley long ago 
_ obſerved the red appearance of the ſpark when 
paſſing through inflammable air; but this ap- 
pearance is very much diverſified by the quan- 
tity of medium, through which you look at the 
ſpark. When at a very conſiderable diſtance, 
the red comes to the eye unmixed ; but if the 
eye is placed cloſe to the tube, the ſpark appears 
white and brilliant. In confirmation, however, 
of ſome of theſe concluſions, you muſt obſerve, 
that by increaſing the quantity of fluid which is 


conveyed 
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conveyed through any portion of inflammable 
air, or by condenſing that air, the ſpark may 
be entirely deprived of it's red appearance, and 
made perfectly brilliant, All weak exploſions 
and ſparks, when viewed at a diſtance, bear a 
reddiſh hue. Such are the exploſions which 
have paſſed through water, ſpirits of wine, or 
any bad conductor, when confined in a tube 
whoſe diameter is not more than an inch. The 
reaſon of theſe appearances ſeems to be, that the 
weaker the ſpark or exploſion is, the leſs is the 
light which eſcapes; and the more viſible the 
effect of any medium, which has a power to 
abſorb ſome of that light. 

Chalk, oyſter ſhells, together with thoſe phoſ- 
phoric bodies, whoſe goodneſs has been very 
much impaired by long keeping, when finely 
powdered, and placed within the circuit of an 
electrical battery, will exhibit, by their ſcat- 
tered particles, a ſhower of light; but theſe 
particles will appcar reddiſh, or their phoſpho- 
ric power will be ſufficient only to detain the 
yellow, orange, and red rays. When ſpirits of 
wine are in a ſimilar manner brought within 
the circuit of a battery, a ſimilar effect may be 
diſcovered; it's particles diverge in ſeveral di- 
rections, diſplaying a moſt beautiful golden ap- 
pcarance, The metallic calces are, of all bodies, 


thoſe 
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thoſe which are rendered phoſphoric with the 
greateſt diſſiculty; but even theſe may be ſcat- 
tered into a ſhower of red luminous particles by 
the electric ſtroke. 


Electrical Experiments made in order to aſcerlain 


the Non- conducting Power of a perſecs Vacuum, 
Sc. by Mr. WiLLlam Moka. 


The non-conducting power of a perfect va- 
cuum, is a fact in electricity which has been 
much controverted among philoſophers. The 
experiments made by Mr. Walſh, F. R. S. in 
the double barometer tube, clearly demonſtra- 
ted the impermeability of the electric light 
through a vacuum; nor was it, I think, preci- 
pitate to conclude from them the impermeabi- 
lity of the electric fluid itſelf. But this conclu- 
ſion has not been univerſally admitted, and the 
following experiments were made with the view 
of determining it's truth or fallacy. 

A mercurial gage B, fig. 1, about 15 inches 
long, carefully and accurately boiled, till every 
particle of air was expelled from the inſide, was 
coated with tin-foil, 5 inches down from it's 
ſealed end (A), and being inverted into mer- 
cury through a perforation D, in the braſs cap 
E, which covered the mouth of the ciſtern H; 

the 
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the whole was cemented together, and the air 
was exhauſted from the inlide of the ciſtern 
through a valve C, in the braſs cap E juſt men- 
tioned; which producing a perfect vacuum in 
the gage B, afforded an inſtrument peculiarly 
well adapted for experiments of this kind. 
Things being thus adjuſted, a ſmall wire, F, 
having been previouſly fixed on the inſide of the 
ciſtern, to form a communication between the 
braſs cap E, and the mercury G, into which 
the gage was inverted ; the coated end A was 
applied to the conductor of an electrical ma- 
chine; and, notwithſtanding every effort, nei- 
ther the ſmalleſt ray of light, nor the ſlighteſt 
charge, could ever be procured in this exhauſted 
gage. It is well known, that if a glaſs tube be 
exhauſted by an air-pump, and coated on the 
outlide, both light and charge may very readily 
be procured. If the mercury in the gage be 
_ impertecily boiled, the experimenf will not ſuc- 
ceed; but the colour of the electric light, which, 
in air rareſied by an exhauſter, is always violet 
or purple, appears in this caſe of a beautiful 
' green ; and what is very curious, the degree of 
the air's rarcfaction may be nearly determined 
by this means. There have been inſtances 
known, in a courſe of experiments, where a 
ſmall particle of air having found it's way into 

the 
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the tube B, the electric light became viſible, 
and as uſual of a green colour; but the charge 
being often repeated, the gage has at length 
cracked at it's ſealed end, and in conſequence 
the external air, by being admitted into the in- 
ſide, has gradually produced a change in the 
electric light, from green to blue, from blue to 
indigo, and ſo on to violet and purple, till the 
medium has at laſt become ſo denſe, as no 
longer to be a conductor of electricity. There 
can be little doubt, from the above experiments, 
of the non- conducting power of a perfect va- 
cuum ; and this fact is ſtill more ſtrongly con- 
firmed by the phænomena which appear upon 
the admiſſion of a very minute particle of air 
into the inſide of the gage. In this caſe, the 
whole becomes immediately luminous, upon the 
ſlighteſt application of electricity, and a charge 
takes place, which continues to grow more and 
more powerful, in proportion as freſh air is ad- 
mitted, till the denfity of the conducting me- 
dium arrives at it's maximum, which it always 
does when the colour of the electric light is in- 
digo or violet. Under theſe circumſtances, the 
charge may be ſo far increafed, as frequently 


to break the glafs. In ſome tubes, which have 
not been completely boiled, they will not con- 
duct the electric fluid, when the mercury is 

fallen 
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fallen very low in them; yet upon letting in air 
into the ciſtern H, ſo that the mercury ſhall 
riſe in the gage B, the electric fluid, which was 
before latent in the inſide, ſhall now become 
viſible, and as the mercury continues to riſe, and 
of conſequence the medium is rendered leſs rare, 
the light ſhall grow more and more viſible, and 
the gage ſhall at laſt be charged, notwithſtanding 
it has not been near an electrical machine for 
two or three days. Ihis ſeems to prove, that 
there is a limit even in the rarefaction of air, 
which ſets bounds to it's conducting power; 
or, in other words, that the particles of air may 
be ſo far ſeparated from each other, as no longer 
to be able to tranſmit the electric fluid ; that 
if they are brought within a certain diſtance of 
each other, their conducting power begins, and 
continually increaſes, till their approach alſo 
arrives at it's limit, when the particles again 
become ſo near, as to reſiſt the paſſage of the 
fluid entirely, without employing violence, which 


is the caſe in common and condenſed air, but 


more particularly in the latter. 

It is ſurpriſing to obſerve, how readily an ex- 
hauſted tube is charged with electricity. By 
placing it at ten or twelve inches from the con- 


ductor, the light may be ſeen pervading it's in- 


fide, and as ſtrong a charge may ſometimes be 
procured, 
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procured, as if it were in contact with the con- 

ductor. Nor does it ſignify how narrow the 
bore of the glaſs may be; for even a thermo- 
meter tube, having the minuteſt perforation poſ- 
ſible, will charge with the utmoſt facility ; and 
in this experiment, the phænomena are pecu- 
liarly beautiful. 

Let one end of a thermometer tube be ſealed 
hermetically; let the other end be cemented 
into a braſs cap with a valve, or into a braſs 
cock, ſo that it may be fitted to the plate of an 
air-pump. When it is exhauſted, ler the ſealed 
end be applied to the conductor of an electrical 
machine, while the other end is either held in 
the hand, or connected to the floor. Upon the 
ſlighteſt excitation, the electric fluid will accu- 
mulate at the ſealed end, and be diſcharged 
through the inſide in the form of a ſpark; and 
this accumulation and diſcharge may be inceſ- 
ſantly repeated, till the tube is broken. By this 
means, a ſpark 42 inches long may be pro- 
cured; and if a proper tube could be found, 
we might have a ſpark three or four times that 
length: if, inſtead of the ſealed end, a bulb be 
| blown at the extremity of the tube, the electric 
light will fill the whole of that bulb, and then 
paſs through the tube in the form of a brilliant 


ſpark; 
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ſpark, as in the foregoing experiment ; though 
in this caſe, the charge, after a few trials, will 
make a ſmall perforation in the bulb, If, 
again, a thermometer, filled with mercury, be 
inverted into a ciſtern, and the air exhauſted in 
the manner before deſcribed for making the ex- 
periment with the gage, a Torricellian vacuum 
will be produced ; and now the electric lighr 
in the bulb, as well as the ſpark in the tube, will 
be of a vivid green; but the bulb will not bear 
a frequent repetition of charges, before it is per- 
forated in like manner as when it has been ex- 
hauſted by an air-pump. It can hardly be ne- 
ceſſary to obſerve, that in theſe caſes the electric 
fluid aſſumes the appearance of a {park,* from 
the narrowneſs of the paſſage through which it 
forces it's way. If a tube, 40 inches long, be 
fixed into a globe, 8 or g inches in diameter, 
and the whole be exhauſted, the elearic fluid, 
after paſſing in the form of a brilliant ſpark 
throughout the length of the tube, will, when 
it gets into the inſide of the globe, expand it- 
ſelf in all directions, entirely filling it with a 
violet and purple light, and exhibiting a ſtriking 

inſtance 


By cementing the ſtring of a guittar into one end of a 
thermometer tube, a ſpark may be obtained, as well as if 
the tube had been ſcaled hermetically. 
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inſtance of the vaſt elaſticity of the electric 
fluid. 

Mr. Brook's method of making mercufſal 
gages is nearly as follows. Let a glaſs tube L, 
fig. 15, ſealed hermetically at one end, be, bent 
into a right angle within two or three inches of 
the other end: at the diſtance of about an inch 
or leſs from the angle, let a bulb, of about 
of an inch in diameter, be blown in the curved 
end, and let the remainder of this part of the 
tube be drawn out as to IJ, fo as to be ſuffi- 
ciently long to take hold of, when the mercury 
is boiling. The bulb K is deſigned as a recep- 
tacle for the mercury, to prevent it's boiling 
over, and the bent figure of the tube is adapted 
for it's inverſion into the ciſtern ; for by break- 
ing off the tube at M, within 4 or + of an inch 
of the angle, the open end of the gage may be 
held perpendicular to the horizon, when it is 
dipped into the mercury in the ciſtern, without 
obliging us to bring our finger, or any other 
ſubſtance, into contact with the mercury in the 
gage, which never fails to render the inſtru- 
ment imperfect. It is neceſſary to obſerve, that 
if the tube be fourteen or fifteen inches long, it 
will be neceſſary to boil it for three or four 
hours; nor will it even then ſucceed, unleſs the 

Y greateſt 
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' greateſt attention be paid that no bubbles of air 
luck behind, which will frequently happen, if 
the tube is not made very dry before the mer- 
cury is put into it. If this caution be not ob- 
ſerved, the inſtrument can never be made per- 


felt, 


o 
8 „ 
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Ox THe INeLUENCE or PolnTED CONDUCTORS 
FOR BUILDINGS, 


HE importance of electricity as well as 

it's univerſal agency, becomes more con- 
ſpicuous, in proportion as our acquaintance | 
with it increaſes. We find no ſubſtance in 
nature which is not aded on by it, either as a 
conductor or non-conductor ; and diſcover, that 
the ſurpriſing phenomena of thunder and light- 
ning owe their origin to, and are of the ſame 
nature with it. Very little progreſs had been 
made in electricity, when the analogy between 
the electric ſpark and lightning was diſcovered : 
but the ſublime idea of realizing theſe conjec- 
tures, and proving that the fire which flaſhes 
in the ſky, is the ſame agent which explodes 
and gives a ſhock in-our experiments, was given 
to Dr. Franklin; who alſo firlt ſuggeſted the 
utility of pointed conductors of metal, to pre- 
ſerve buildings from the dreadful effects of 
lightning; an idea which was received with 
general applauſe and approbation. Since this 
period, many electricians have been induced to 


A 2 change 


- 
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change their opinion relative to the utility of 

, theſe conductors; and among thoſe who un- 

| | | | derſtand the ſubject well, it has been diſputed, 

i whether the preference ſhould be given to a 

conductor with a pointed end, or to one which 
| has an obtuſe termination. | 

| The experiments which have been made on 

| - this ſubject are very numerous; but the greater 

= part appear to me very inconcluſive, and preſent 

i only a very partial view of the ſubject. Among 

| theſe we may reckon thoſe in which different 

3 | ſubſtances have. been introduced, to repreſent 

the action of conductors on clouds; ſince the 

various ſubſtances made uſe of in theſe experi- 

ments, were cohering maſſes, in which they 

| differ eſſentially from the clouds which float in 

| 5 the air. It appears alſo, from many inſtances, 
| 


that lightning does not paſs in one undivided 

tract, but that neighbouring bodies carry off 

their ſhare, according to their quantity and 

conducting power, 
A pointed conductor, which communicates 

7 with the carth, has not any particular power of 

| 

| 

| 


attracting electricity, and acts only as any other 
conducting ſubſtance, which does not reſiſt the 

paſlage of the electric fluid. 
It is true, that electricity paſſes with more 
eaſe from an electrified body to a conductor 
which 
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which i pointed, than to one which is flat or 
globular ; becauſe, in this caſe, the elaſticity of 
the electric fluid, and it's power to break throu 
the air, are weakened by the flat ſurface, which 
acquires a contrary electricity, and compenſates 
the diminiſhed intenſity more than a point can ; 
the point being eafily rendered negative, while 
the effort of the fluid to eſcape from the elec- 
trified body, is greater than when it is oppoſed 
by a flat ſurface. So that it is not the particu- 
lar property of a point, or flat, but the different 
ſtate of the elefrified body, which cauſes it to 
part with it's eleQricity eaſter, and from a greater 
diſtance, when a pointed conducting ſubſtance 
is preſented to it, than it does to a flat or globu- 
lar conductorT . 

The capacity of conductors to hold electri- 
city, is in proportion to the ſurfaces which are 
free, or uninfluenced by a ſimilar atmoſphere; 
2a circumſtance which will, more or leſs, affect 
thoſe conductors which are applied to build - 
ings, according to the ſtate of the clouds and 
their atmoſphere, the time their influence has 
been exerted, the nature of the conducting 
ſtrata of the earth, and it's electric ſituation. 
Beſides, the electric powers muſt be ſeparated 
before any body can be clectriſied: and the point 

13 muſt 
* Seq Volta's Paper, Phil. Tran, vol. 72 
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muſt be in a ſlate to give one kind of electricity, 
before it can receive the other. They cannot 
* beyond the electric atmoſphere of the body 
o which they are preſented, and their action is 

differently modified by the ſtate of the air. 
Fig. 68 repreſents the gable end of a houſe, 
fixed vertically on the horizontal board F G; 
a ſquare hole is made in the gable end at hi, 
into which a piece of wood is fitted; a wire is 
inſerted in the diagonal of this little piece; two 
wires are alſo fitted to the gable end; the lower 
end of one wire terminating at the upper corner 
of the ſquare hole; the top of the other wire is 
fixed to it's lower corner ; the braſs ball on the 
wire may be taken off, in order that the pointed 
end may be occaſionally expoſed to receive the 

_ exploſion. - | 

- ExpeRIMENT CCI, —T, hunder-houſe, Place 
a jar with it's knob in contact with the con- 
ductor, connect the bottom of the jar with the 
hook H, then charge the jar, and bring the ball 
under the conductor, and the jar will be diſ- 
charged by an exploſion from the conductor 
to the ball of the houſe. The wires and chain 
being all in connection, the fire will be con- 
vreyed to the outſide of the jar, without affecting 
the houſe : but if the ſquare piece of wood is 
placed ſo that the wires are not connected, but 
| the 
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the communication cut off, the electric fluid, in 

| paſſing to the outſide of the bottle, will throw 
out the little piece of wood to a conſiderable 

diſtance, by the lateral force of the exploſion, 


See fig. 68. 


Unſcrew the ball, and let the point which is 
underneath be preſented to the conductor, and 
then you will not be able to charge the jar; for 
the ſharp point gradually draws the fire from 
the conductor, and conveys it to the coating on 
the outſide of the jar. 

The prime conductor is ſuppoſed to repreſent 

a thunder cloud diſcharging it's contents on a 
e or any other metal, at the top of 
a building. From this experiment many have 
inferred, that if there is a connection of metal 
to conduct the electric fluid down to the earth, 
the building will receive no damage; but where 
the connection is imperfe&, it will ſtrike from 
one part to another, and thus endanger the 


whole 8 


On the Influence of TR ty Mr. HexLev, 


ExPERIMENT aces H. affixed to NY 
top of a glaſs ſtand a wire, three-cighths of an 
inch in diameter, terminated at one end by 4 


\ ball, 
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ball, three-fourths of an inch in diameter, and 
at the other end by a very ſharp point; (ſee fig. 
69,) round the middle of this wire hung a chain, 
twelve inches long; he connected the chain with 
the coating of a charged bottle, and brought the 
knob of it very gently towards the ball on the 
inſulated wire, in order to obſerve preciſely at 
what diſtance it would be diſcharged upon it, 
which conſtantly happened at the diſtance of 
half an inch, with a loud and full exploſion. 
Then charging the bottle, he brought it in the 
fame gradual manner towards the point of the 
inſulated wire, to try alſo at what diſtance it 
would be ſtruck ; but this, in many trials, never 
happened at all; the point being approached in 
this gradual manner, always drew off the charge 
imperceptibly, leaving ſcarce a ſpark in the 
bottle. | 

The ſame gentleman connected a jar, contain- 
ing 509 ſquare inches of coated ſurface, with 
the prime conductor ; ſee fig. 68. If the jar 
was ſo charged as to raiſe the electrometer to 
60, by bringing the ball on the wire of the 
thunder houſe, to half an inch diſtance from 
that connected with the prime conductor, the 
Jar would be diſcharged, and the piece in the 
thunder houſe-thrown out to a conſiderable dif. 
tance. Uling a pointed wire as a conductor to 

| 4 | the 
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the thunder houſe, inſtead of the knob, the 
charge being the ſame, the jar was diſcharged 
ſilently, though ſuddenly, and the piece was 
not thrown out. | | 

He afterwards made a double circuit to the 
thunder houſe ; the firſt by a knob, the fecond 
by a ſharp pointed wire, at an inch and a quar- 
ter diſtance from each other, but exactly the 
fame height. The charge being the ſame, the 
knob was firſt brought under the prime con- 
ductor, which was half an inch above it, and 
followed by the point at an inch and a quarter 
diſtance, yet no exploſion fell upon the ball, 
as the point drew off the charge filently, and 
the piece in the thunder houſe remained un- 
moved. 

He inſulated a large jar, and connected, by 
chains, with the external coating, on one ſide 
a knob, on the other a ſharp pointed wire, both 
being inſulated, and ſtanding five inches from 
_ each other, and placed an inſulated copper ball, 
eight inches in diameter, ſo as to ſtand exactly 
at half an inch diſtance both from the knob and 
the point; the jar was then charged, and the 
diſcharge made by the diſcharging rod on the 
copper ball, from whence it leaped to the knob, 


"which was three quarters of an inch in diame- 
rer, 
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ter, the jar was diſcharged by a loud and full 

exploſion, and the chain was very luminous. 
Mr. H. ſuſpended by a filk ſtring, from one 
end of a wooden bar, which turned freely in an 
horizontal direction upon the point of a needle, 
a large bullock's bladder, gilded with leaf cop- 
per; the bladder was ballaneed by a weight at 
the other end of the arm; (ſee fig. 71;) he gave 
a ſtrong ſpark from the knob of a charged phial 
to the bladder; he then preſented towards it a 
braſs ball, two inches in diameter, and obſerved 
that the bladder would come towards it at the 
diſtance of three inches ; and when it got within 
an inch, would throw off it's electricity in a full 
ſpark. He then gave it another ſpark, and pre- 
ſented a pointed wire towards the bladder, 
which never approached to the point, nor ever 
gave any ſpark, the electricity being carricd off. 
EXPERIMENT ccv. — Franklin's cloud. Take 
two or three fine locks of cotton, faſten one of 
them to the conductor by a fine thread, another 
lock to that, and a third to the ſecond, put the 
machine in action, and the locks of cotton will 
expand their filaments, and will extend them- 
ſelves towards the table. Preſent a ſharp point 
under the loweſt, and it will ſhrink up towards 
the ſecond, and this towards the firſt, and all 
together 
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together towards the prime conductor, where 
they will continue as long as the point remains 
under them, 

ExERIM ENT ccvI.—Efe# ona point diverg- 
ing hair. Faſten a number of fine threads, or 
hair, to the end of the prime conductor; when 
the cylinder is turned, theſe will diverge like 
rays proceeding from a center: continue turn- 
ing the cylinder, and preſent a point towards 
one ſide of the conductor, and the threads on 
one ſide will hang down, and loſe their diverg- 
ence, but thoſe on the other ſide will ſtill con- 
tinue to diverge ; which ſhews, that the power 
of points to draw off the electricity, does nut 
extend round the electrified body, when means 
are uſed to keep up the ſupply of electricity. 


Fig. 72 repreſents an oval board, three feet 
long and two feet broad, coated on both ſides 
with tin-foil, and ſuſpended by filk lines from 
a double hook; this turns on an axis, which is 
faſtened to one arm of a nice ballance, and coun» 
rerpoiſed at the other arm by a weight; part of 
the table underneath the board is to be covered 
with tin-foil, and communicate to the floor by 
a chain. | 

ExXPERIMENT CCVII.—Pendulous board. Con- 
nect the pendulous board with the prime con- 

ä | ductor 
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ductor by a ſmall wire, a few turns of the ma- 
chine will electrify the apparatus. When this 
experiment was made, the board was attracted 
by the table at fifteen inches diſtance, and diſ- 
charged itſelf with a ſtrong fpark. The ſame 
happened to a metal ball which was placed on 
the table, the board approaching till it was 
about one inch from the ball, and then diſ- 
charging itſelf by a ſpark. If a point is fixed 
on the board inſtead of a knob, the pendulous 
board, though it begins to approach, flops at 
about four or five inches from the table, and it 
will not approach nearer, or give a ſpark: a 
ſmall light is ſeen upon the point in the dark. 
A Leyden phial was then connected with the 
prime conductor; it now required more turns 
of the machine to charge the apparatus; the 
effect was the ſame as before. The counter- 
poiſe was now held, that the board might not 
deſcend till it had received a full charge : when 
ſet at liberty, it was not only attracted by, but 
alſo gave a loud exploſion on the point, inſo- 
much, that the tin-foil round it was ſtained by 

the overflowing of the fire. | 
EXPERIMENT CCVIIT.—Afwpood's experiments on 
points. If an interruption is made in each of 
two ſimilar circuits, which form communica- 
tions between the charged ſurfaces of an electric 
| | plate, 
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plate, and if the ſpace of air in one of the in- 
terruptions is terminated by points, and in the 
other by balls, the diſcharge will be made 
through the circuit of which the points make a 
part, although the length of the interrupted. 
ſpace of air is conſiderably greater than that in 
the other circuit. 

Before any diſcharge takes place, the two 
powers are ſuſpended on the oppoſite ſurfaces of 
the charged electric. 

An electric plate may be diſcharged two ways, 
either ſilently in ſome ſenſible portion of time, 
or by exploſion in an inſtant : in either caſe ex- 
periments abundantly ſhew, that, ceteris paribus, 
the diſcharge will be made through a pointed 
body in preference to a round termination. 

When a pointed body is preſented to any 
charged ſurface, a cylindrical plate of air, of 
evaneſcent diameter, is charged with the con- 
trary electricities ſtrongly attracting each other 
through it ; and the quantity of air being ſo 
ſmall, there will be little reſiſtance to their 
union ; the diſcharge will be made by exploſion 
in preference to the gradual diſcharge, accord- 
ing as the oppoſite ſurfaces (the pointed body 
and the ſurface oppoſed to it) are larger, as they 
are nearer each other, and as the charge is 
greater; for it will be obſerved, that a point, 


Or 
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or very ſmall ſpherical termination, which is in 
a phyſical ſenſe a point, will diſcharge any 
quantity of electricity filently and gradually 
without exploſion, while it is at a ſufficient diſ. 
tance from the oppoſite charged ſurface; by 
bringing it nearer, the mcthod of diſcharge will 
be altered ; which will now be a ſucceſſion of 
ſmall exploſions very quickly following cach 
other. The reaſon of this ſeems to be, that 
when the charged ſurfaces are very near, there 
1s not ſufficient time for the contrary powers to 
unite gradually, nor ſufficient room in which 
they may be diftuſed among the ſurrounding air, 
This is confirmed by again removing the two 
oppoſed ſurfaces to ſuch a diſtance, that the diſ- 
charge may be made gradually; in this caſe, if 
the parts of the apparatus are ſo diſpoſed, by any 
kind of contrivance, that the diſcharge muſt 
neceſſarily be made ſuddenly, the method of 
diſcharge will be again altered, becoming now a 
ſucceſſion of exploſions, inſtead of a gradual cur- 
rent between the oppoſed ſurfaces : this ſudden- 
neſs of the diſcharge may be effected by a pro- 
per uſe of interruptions in the circuit; 1t may 
alſo be cauſed by motion; if efther ſurface be 
moved briſkly toward the other, the exploſion 
of the charge will be, promoted. 
Elevated conductors * to buildings, as 
a ſecurity 
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a ſecurity from the effects of lightning, will con- 
tribute to diſcharge the electricity from a cloud 
that paſſes over them: and a greater quantity of 
the diſcharge will paſs through a pointed con- 
ductor, than through one which is terminated 
by a ball ; but whether the diſcharge will be 
made by a gradual current, or by exploſion, will 
depend on the /uddenneſs of the diſcharge, on 
the proximity of the cloud, it's motion, and the 
quantity of the electricity contained in it. If a 
ſmall cloud hangs ſuſpended under a large 
cloud loaded with electric matter, pointed con- 
ductors on a building underneath will receive 
the diſcharge by exploſion, in preference to 
thoſe terminated by balls, the ſmall cloud form. 
ing an interruption, which allows only an inſtant 
of time for the diſcharge. If a ſingle electric 
cloud is driven with conſiderable velocity near 
to a pointed conductor, the charge may be cauſed 
t2 explode upon it by the motion of the charged 
body. In other caſes, pointed conductors con- 
tribute to diſcharge a thunder cloud gradually 
without exploſion. 

Mr. Wilſon's experiments, publiſhed in the 
Philoſophical Tranſactions 1778, have contri- 
buted greatly to explain the effects of points in 
diſcharging the electric matter. 

If a conical pointed body were inſerted into a 

| ſimilar 
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ſimilar hollow cone, formed into an electrified 
folid, the ſurfaces of the two cones being equi- 


diſtant, no greater diſcharge of the electrics 
would follow, than if the two conical ſurfaces 


had been plain, and oppoſed to each other at | 
the ſame diſtance. 

If two electric plates be charged, and a com- 
munication formed between the poſitive ſide of 
one, and the negative fide of the other, no diſ- 
charge will follow ; unleſs a communication be 
formed between the other two ſurfaces at the 
ſame time. e 

The natural electricity in the atmoſphere is 
frequently diſcharged in this manner: Two 
clouds being electrified with oppoſite powers, 
the ſurfaces of the earth immediately under 
them are likewiſe cleArified with powers con- 
trary to thoſe in the clouds above them; and 
the moiſture of earth forming a communication 


between the two contiguous charged ſurfaces, 


whenever the two clouds mect, there will fol- 
low a diſcharge, both of the clouds and ſurfaces 
on the earth oppoſed to them. If the earth 
ſhould be dry, and conſequently afford a reſiſ- 
tance to the union of the two electricities accu- 
mulated on or under it's ſurface, there will fol- 
low an exploſion in the earth as well as the 
atmoſphere, which will produce concuſſions and 

other 
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vrher phænomena which have frequently been 
obſerved to happen in dry ſeaſons, particularly 
in thoſe climates which are the moſt. liable to 
ſtorms a r 


0 Daten ges on * 
Dr. Franklin, in none of the paſſages where 
he ſpeaks of the efficacy of ſharp- pointed con- 
ductors to prevent electrical exploſions, has ex- 
preſſed any doubt of their being univerſally 
referable for this purpoſe to thoſe which have 
a blunt or ſpherical termination. The ſame 
obſervation may be made of the other gentle- 
men who are the advocates for his doctrine. Ir 
may therefore be aſſumed, that both he and they 
mean to affert an univerſal propoſition, * That 
* ſharp points will, in all caſes, draw off the 
be electrical fluid nlentiy within the diſtance at 
« which rounded ends will explode; or, at leaſt 
'« that the former ſort will in no caſe receive 
© an exploſion at a greater diſtance than the 
Co latter. Though 1 diſſent from this doctrine, 
1 do not mean to aſſert the contrary univerſal 
propoſition, but only to deny the univerſalit 
of that aſſerted by Dr. Franklin, which I ap- 
prehend to be ſometimes true, and ſometimes 
alſo Halle. N 
2 But 
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But before I attempt to ſpecify the particular 
caſes in which the ſharp and the blunt termi- 
nations are reſpectively more liable to electrical 
exploſions, it may be of uſe to ſhew,{ what many 
gentlemen ſeem not to be thoroughly aware of 
that ſharp points having the moſt perfect com- 
munication with the earth, are not wholly ex- 
empt from receiving them. My firſt authority 
ſhall be Dr. Franklin himſelf. * Let a perſon,” 
ſays he, p. 60, © ſtanding on the floor, preſent 
* the point of a needle at twelve or more inches 
* from it (the prime conductor), and while the 
“ needle is fo preſented, the conductor cannot 
te be charged, the point drawing off the fire as 
« faſt as it is thrown on by the electrical globe. 
1 Let it be charged, and then preſent the point 
c at the ſame diſtance, and it will ſddenly be 
« diſcharged.” The word ſuddenly means, 1 
ſuppoſe, that it will receive an exploſion ; that 
being the moſt natural and obvious proof of the 
Juddenneſs of the diſcharge. The ſame thing is 
"more directly aſſerted by Mr. Henley, in vol. 
Ixiv. of the Phil, Tranſ. p. 138 ; where he in- 
forms us, that in diſcharging three of his large 
Jars, to the coating of which he had connected 
wire nicely tapered to.a point, the fire flew to 
the point, and the jars were diſcharged with a 
mull and loud exploſion. A third, and equally 

- deciſive, 
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decifive, proof is furniſhed by Mr. Nairne's 
experiments, though ſeemingly made with a 
contrary view. For when the double or in- 
terrupted conductor was uſed, and the ſecond 
conductor fixed down by ſcrews at about thzee 
inches diftance from the firſt; the point pre- 
ſented to the contrary end of the ſecond con- 
ductor was found to receive a ſtrong and loud 
exploſign, with a white light at the diſtance of 
at leaſt three inches. | 
H we compare this expetimetit with another 
very common one, ehihited at the ſame time 
by Mr. Nairne, the compariſon will; perhaps, 
lead us to the diſcovery of 4 principle upos 
which electrical explaſiens very frequemly de- 
pend. Though che point, in the circumſtances 
above deſctibed, received ſo ſtrong an explo- 
ſion, yet hen it was preſented dizecily ap the 
prime conductor, it #ecei ved no Explobign hat- 
ever at any diſtange, unleſs a ſuoceſſion of weak 
ſparks, at the diſtance of about a quarter of ap 
inch, can be called fo. To what muſt this dif- 
ference be attributed ? Plainly w the difiarant 
quantity of electric fluid acenmulated on the 
prime conduttar in the one and the other eale. 
Where the point is ꝓteſentod to the prime con- 
ductor, from the time the machine beging to 
work, the property which is attributed g them, 
23 and 
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and which, in ſome caſes, they really poſſeſs, of 
fealing away the electricity ſilently ; this pro- 
perty, I ſay, operating from the very beginning, 
prevents the electric fluid from being accumu- 
lated in the prime conductor, and of courſe the 
quantity of it will always be'ſmall. But when 
a double or interrupted conductor is uſed, the ſe- 
cond conductor receives no electricity till the 
prime conductor is pretty highly charged, and; 
if put at the greateſt ſtriking diſtance, not till 
it is fully charged, and conſequently the ſharp 
point preſented to the oppoſite. end can carry 
au ay none of it till that time; when the whole 
quantity is thrown off at once. It ſhould ſeem 
then, that the exploſion in one caſe, and the non- 
exploſion in the other, depended wholly upon 
the different quantities to be thrown off: whence 
it will follow, that though a ſmall quantity of 
electricity will paſs off ſilently upon a point, yet 
that this power is very limited; for that if a 
ſomewhat greater quantity be applied ſuddenly 
to a ſharp point, it will not paſs off ſilently, but 
create an exploſion in proportion to it's denſity. 
The experiments in this Eſſay demonſtrate, 
that a broken communication will occaſion the 
Tharp point to receive an exploſion. | 
Let us now conſider more particularly the 
practical queſtion, whether the ſharp- pointed or 
8 | 133 the 
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the blunted conductors be the beſt preſervatives 
from lightning. And here it is neceſſary to 
obſerve, that buildings may be expoſed to a 
{troke of lightning in ſeveral different ways. The 
lightning which, to avoid prolixity, I ſhall only 
ſpeak of as poſitive electricity: the lightning, I 
ſay, may accumulate directly over the building: 
er it may be brought towards the building by a 
{mall cloud fetching it. in ſeveral ſucceſſive trips 
from a large cloud at ſome diſtance ; or a large 
electrified. cloud may be carried rapidly towards 
it by the wind: a circumſtance this by no means 
rare, there being no leſs than four inſtances of 
it upon record in the Phil. Tranſ. vol. xlix. p. 
16, and p. 309. vol, Ixi. p. 72. and vol. Ixiv. 
p. 351. In the firſt of theſe ſuppoſed caſes a 
tharp-pointed conduQtor might | poſſibly drain 
the cloud of it's lightning as faſt as it began to 
accumulate,. and thereby prevent any exploſion 
whatever, In the ſecond, as the cloud, by ſup- 
poſition, not being driven in one direction by 
the wind, could not move with any remarkable 
yelocity, it is reaſonable to imagine, that in this 
caſe alſo there might be no exploſion ; and that 
the electricity of the larger cloud might be gra- 
dually exhauſted, But if, according to the 
third ſuppoſition, a cloud of great extent, and 
highly electrified, ſhould be driven with great 
ce in ſuch a direction, ſo as to paſs directly 
23 over 
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over tlie fharp-pointed eonductor, there can bs 


no doubt but that ſuch a point, from it's ſupe- 


fior readineſs to admit electricity, would take 
the exploſion at a much greater diſtance than a 
rounded end, arid in proportion to the difference 
of that ſtriking diſtance would do miſchief in- 
ſtead of good. 

But perhaps it will be faid, that every ſtroke 
of lightning falling upon a ſharp point is pre- 
viouſly diminiſhed by that point, and therefore 
may more eaſily be tranſtnitted through the 
conductor, than when it falls undiminifhed upon 
à rounded end. Upon this ſuppoſition I muſt 
obſerve, that it not only contradifts Mr. Wil- 
fon's experiments at the Pantheon, but alſo Mr. 
Henley's experiment already referred to in thiy 
paper, where the fire flew to a very taper point, 
and melted the end with a ſtrong and loud ex- 
plofion. So alſo the ſharp-pointed conductors 
affixed in America to the houſes of Mr. Weſt, 
Mr. Raven, and Mr. Mayne, do not em to 
have diminiſhed the force of the exploſion, if 


we may judge from the violence of it's effects 


as related at large in Dr. Franklin's works. It 
ſhould ſeem, therefore, that the power of di- 
miniſhing a ſtroke, like that of preventing it, 
is only contingent, and depends, as we ſaid be- 
fore, upon the degree of verge with which 
the lightning moves, 

* he 
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The ſum of the whole is, that conductors, ter- 
minated by ſharp points, are ſometimes advans 
tageous, and at other times prejudicial. N 
as the purpoſe for which conductors are fixed 
upon buildings is, not to protect them from one 
particular ſort of clouds only, but, if poſſible, 
from all, it cannot ſurely be adviſeable to uſe 
that kind of conductors, which, if they diminiſh 
danger on one hand, will increaſe it on the 
other. It is the duty of a pilot to keep out ot 
the way of rocks ; but it is alſo incumbent upon 
him, in avoiding the rock, not ta take ſo large 
2 compaſs as to run his ſhip upon a quickſand. 

When I ſay that ſharp-pointed conductors 
may in ſome caſes diminiſh danger, I ſpeak of 
them, perhaps, rather too favourably : for their 
power of ſtealing away the electric fluid being 
confined to caſes where the accumulation is 
ſmall, it follows, that they afford no protection 
where the danger is great and imminent, and 
only obviate that which is dĩſtant and problema- 
tical. The caſes againſt which we wiſh prin- 
cipally to provide, are the exploſions of exten- 
ſive and highly electrified clouds; and here we 
have ſeen, that blunted ends, as acting to a 
much ſmaller diſtance, are entitled to the pre- 
ference. 

If it be admitted, that ſharp-pointed con- 
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ductors are attended with any, the ſlighteſt de- 
gree of danger, how much muſt that danger be 
augmented. by carrying them high up into the 
air, by fixing them upon every angle of a build- 
ing, and making them project in every direc- 
tion? Ought this to be adviſed while there is 
ſtill a doubt of the poſſibility of their * miſ- 


chief? 


Obfermations on the Action 97 Condu Hors, Ec. by 
.. the Eprronxs of the Encyclopedia Britannica. 


Ever ſince the diſcovery of the identity of 
electricity and lightning, it has been allowed 
by all parties, that conductors of ſome kind are 
in a manner neceſſary for the ſafety of buildings 
in thoſe countries where thunder ſtorms are very 


frequent. The principle on which they act is 


this; that the electric fluid, when impelled by 


; any power, always goes to that place where it 


meets with the leaſt reſiſtance. Now, as metals 


are found to give the leaſt reſiſtance to it's paſ- 


ſage, it will always chooſe to run along a me- 
talline rod, in preference to a paſſage of any 
other kind. But · it is neceſſary to obſerve here, 


_ that electricity never ſtrikes a body merely for 


the ſake of the body itſelf, but as by means of 


that body it can arrive at the place of it's deſti- 


nation. When a quantity of electricity is col. 
Maw lected 
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lected from the earth, by means of an electric 
machine, a body communicating with the earth 
will receive a ſtrong ſpark from the prime con- 
ductor ; it receives this ſpark, not becauſe it is 
capable of containing all the electricity of the 
cylinder and conductor, but becauſe the natural 
ſituation of the fluid being diſturbed by the mo- 
tion of the machine, a ſtream of it is ſent off 
from the earth. The natural powers, therefore, 
make an effort to ſupply what is thus drained off 
from the earth; and as the individual quantity 
which comes out is moſt proper for ſupplying 
the deficiency, as not being employed for any 
natural purpoſe, there is always an effort made 
for returning it to the earth. No ſooner, then, 
is a conducting body, communicating with the 
earth, preſented to the prime conductor, than 
the whole effort of the electricity is directed 
againſt that body; not merely becauſe it is a 
conductor, but becauſe it leads to the place 
where the fluid. is directed by the natural pow- 
ers by which it is governed, and at which it 
would find other means to arrive, though that 
body were not to be preſented. That this is 
the caſe, we may eaſily ſee, by preſenting the 
ſame conducting ſubſtance in an inſulated tate 
to the prime conductor of the machine, when 


we ſhall find only a ſinall ſpark will be pro- 
duced. 


346 AN ESSAY ON ELECTRICITY. 


duced. In like manner, wher lightning ſtrikes 
a tree, a houſe, or x thunder-rod, it is not be- 
caufe theſe objects are high, or in the neigh- 
bourhood of the cloud, but becauſe they com- 
municate with ſome place betow the ſurface of 
the ground, againſt which the impetus of the 
lightning is directed, and at that place the light. 
ning would certainly arrive, though none of the 
_ above-mentioned objects had been interpoſed. 
« When the atmoſphere begins to be electri- 
fied, either negatively or poſitively, the earth, 
by means of the inequality and moiſture of it's 
furface, but eſpecially by the vegetables which 
grow upon it, abſorbs that electricity, and 
quickly becomes electrified in the ſame man- 
ner with the atmofphere; this abforption, how- 
ever, ceaſes in a very fhort time, becauſe it can. 
not be continued withour ſetting in motion the 
whole of the electric matter contained in the 
earth itſelf. Alternate zones of poſitive and 
negative electricity will then begin to take place 
below the ſurface of the earth, for reaſons given 
in the courfe of this Effay. Between the at- 
moſphere and one of theſe zones the ſtroke of 
lightning will always be. Thus, ſuppoſing the 
atmoſphere is poſitively electrified, the ſurface 
of the earth will, by means of trees, &c. quickly 
become poſitively electrified alſo, we will ſup- 


pole 
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poſe to the depth of ten feet: the electricity 
cannot penetrate further, on account of the re- 
ſiſtance of the electric matter in the bowels of 
the earth. At the depth of ten feet from the 
furface, a zone of negatively electriſied earth 
begins, and to this zone the electricity of the at- 
moſphere is attracted; but to this it cannot get, 
without breaking through the poſitively elec- 
triſied zone, which lies uppermoſt, and ſhat- 
tering to pieces every bad conductor which lies 
in it's way. We are therefore ſure, that in 
whatever place the outer zone of pofitively elec- 
trified earth is thinneſt, there the lightning will 
ſtrike, whether a conductor happens to be pre- 
ſent or not. If there is a conductor, either with 
a knob or ſharp pointed, the lightning will in- 
fallibly ſtrike it: but it would alſo have ſtruck 
a houſe ſituated on that ſpot without any con- 
ductor; and if the houſe had not been there, 
it would have ſtruck the ſurface of the ground 
itſelf. Again, if we ſuppoſe the houſe with it's 
conductor to ſtand on a part of the earth where 
the poſitively electrified zone is very thick, the 
conductor will neither ſilently draw off the elec- 
tricity, nor will the lightning ſtrike it; though, 
perhaps, it may ſtrike a much lower object, or 
even the ſurface of the ground itſelf at no great 


diſtance ; the reaſon for which undoubtedly is, 
| that 
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that there the poſitively electrified zone is thin- 
ner than where the conductor was. 

« To ſuppoſe that a pointed conductor will 
exhauſt a thunder cloud of it's electricity, muſt 
at firſt ſight appear trifling, to inſiſt on it, ridi- 
culous. Innumerable objects are all conſpiring 
to draw off the electricity as well as the con- 
ductor, if it could be drawn off; but of effecting 
this, there is an impoſſibility, becauſe they have 
the ſame kind of electricity with the clouds 
themſelves. | 

« Beſides, Beccaria has obſerved, that during 
the progreſs and increaſe of the ſtorm, though 
the lightning frequently ſtruck to the earth, yet 
the ſame cloud was the next moment ready to 
make a greater. diſcharge, and his apparatus 
continued to be as much affected as ever. 
The conductor, has not even the power of 
_ gliraZing the lightning a few feet out af the 

direction it would chooſe itſelf: of this we have 
a moſt deciſive inſtance in what happened to the 
magazine at Purflect, in Eſſex. That houſe was 
furniſhed with a conductor, raiſed above the 
higheſt part of the building ; nevertheleſs, a 
flaſh of lightning ſtruck an iron cramp in the 
corner of the wall of the building, conſiderably 
lower than the top of the conductor, and only 
forty- ſix feet in a ſloping line diſtant from the 


point. 
« The 
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« The conductor, with all it's power of draw- 
ing off the electric matter, was neither able to 
prevent the flaſh, nor to turn it forty-fix feet 
out of it's way. The matter of fact is, light- 
ning was determined to enter the earth at the 
place where the Board.houſe ſtands, or near it: 
the conductor, fixed on the houſe, offered the 
eaſieſt communication, but forty-fix feet of air 
intervening between the point of the conductor 
and the place of the exploſion, the refiſtance was 
leſs through the blunt cramp of iron, and a few 
bricks moiſtened with the rain to the ſide of the 
-metalline conductor, than through the forty-ſix 
feet of air to it's point, for the former was the 
way in which the lightning actually paſſed. 

« The zig-zag kind of lightning is the moſt 
dangerous, becauſe it muft overcome a very 
violent reſiſtance of the atmoſphere, and where- 
ever that reſiſtance is in the ſmalleſt degree leſ- 
ſened, there it will undoubtedly ſtrike, and even 
at a confiderable diſtance. It is otherwiſe with 
that-kind that appears in flaſhes of no determi- 
nate form; the electric matter of which is evi- 
dently diſſipated in the air by ſome conducting 
ſubſtances which are preſent there, and they _ 
therefore rendered leſs powerful. 

: 746 The moſt deſtructive kind of lightning is 
io which aſſumes the form of balls. Theſe are 
cot produced 
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produced by an exceeding great power of elec- 
tricity, gradually accumulated till the reſiſtance 
of the atmoſphere is no longer able to confine it. 
In general, the lightning breaks out from the 
electrified cloud by means of the approach of 
ſome conducting ſubſtance; but the fise-balls 
ſeem to be formed not becauſe there is any ſub- 
ſtance at hand to attract the eleſtric matter from 
the cloud, but becauſe the electricity is accu- 
mulated in ſuch a quantity that the cloud can 
no longer contain it. Hence, ſuch balls fly off 
ſlowly, and have no particular deſtination; their 
appearance indicates a prodigious commotion 
and accumulation of clectricity in the atmo- 
ſphere, without a proportionable diſpoſition in 
the earth to receive it. This diſpoſition is how- 
ever altered by a thouſand circumſtances, and 
the place which firſt becomes moſt capable of 
admitting electricity will firſt receive a fire-ball. 
Hence this kind of lightning has been known 
io move ſlowly backwards and forwards in the 
air for a conſiderahle tae, and then ſuddenly 
fall in one or more houſes, according to their 
being more or leſs affected with an gleftricity 
oppoſite to that of the ball at the time. It will 
alſo run along the ground, hrrak into ſeveral 
parts, and produce ſeveral explaſiaus at the ſame 


16 It 
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© It is very difficult to imitate this Kind of 
lightning in our electrical experiments. The 
only cafes in which it hath been done in any de- 
gree, are thoſe in which Dr. Prieſtley made the 
exploſion of a battery paſs for a conſiderable 
way over the ſurface of raw fleſh, water, &c. In 
_ theſe caſes, if, while the electric flaſh paſſed over 
the ſurtaces of the flefh, it had been poiſible to 
interrupt the metallic circuit by taking away the 
chain, the electric matter difcharged would 
have been preciſely in the ſituation ot one of the 
above-mentioned fare-bails; i. e. it would have 
been at a loſs for a conductor. The nogative 
fide of the battery was the place of it deſti- 
nation, but to that it could nat cally have got, 
becauſe of the great quantity of atmoſphere 
which lay in it's way, and the incapacity of che 
neighbouring bodies to receive it. But, while 
the electric matter was thus Rationary for want 
of a conductor, if any one ſtanding near, or 
touching the negative ſide of the battery, pre- 
fented a finger to this ſeemingly inoffenſi ve lu- 
minous body, he would be aaftantly ſtruck very 
violently, becauſe a free communication being 
now made by means of his body, the powers 
by which the electric fluid is impelled from one 
place to another would urge it upon him. But 
if we ſuppoſe a perſon, who has no communica- 
5 don 
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tion with the battery, to preſent his finger to 
the ſame body, he may perhaps receive a ſlight 
ſpark from it, but not a ſhock of * conſe- 
quence. | 

« We may now account for the ſcemingly ca- 
pricious nature of all kinds of lightning, but 
eſpecially of that kind which appears in the form 
of balls. Sometimes it will ſtrike trees, high 
houſes, &c. without touching cottages, men, 
or animals, who are in the neighbourhood; in 
other inſtances, low houſes and cattle have been 
ſtruck, while high trees and ſteeples in the neigh- 
-bourhood have eſcaped.“ The reaſon of this 
is, that in thunder-ſtorms there is a zone of 
earth conſiderably under the ſurface, which the 
lightning deſires to ſtrike, (if we may uſe the 
expreſſion) becauſe it has an electricity oppoſite 
to the lightning itſelf. Thoſe objects, therefore, 
-which form the moſt perfect conductors between 
the electrified clouds and that zone of earth, 
-will be ſtruck by lightning, whether they are 
high or low. Let us ſuppoſe a poſitively elec- 
trified cloud is formed over a certain part of 
SS WP Date bs the 


Ras Of this two remarkable a _ been adduced, 
in a paper read by Mr. Achard at the Berlin Academy of 
Sciences. And Beccaria cautions perſons ſrom depending 
"on a higher, or, in all caſes, a better conduſtor than their 
on body, 
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the earth's ſurface; the electric matter flows 
out from it firſt into the atmoſphere all around, 
and while it is doing fo, the atmoſphere is elec- 
trified negatively. In proportion, however, as 
the current pervades greater and greater por= 
tions of the atmoſpherical ſpace, the refiflance 
to it's motion increaſes, till at laſt the air be- 
comes poſitively electrified as well as the cloud, 
and they both act as one body, The ſurface of 
the earth then begins to be electrified, and it 
ſilently receives the electric matter by means of 
the trees, graſs, &c. which grow upon it's ſur- 
face, till at laſt it becomes alſo poſitively elec- 
trified, and begins to ſend off a current of elec- 
tricity from the ſurface downwards. 

The cauſes which firſt produced the elec- 
tricity ſtill continuing to act, the power of the 
electric current becomes inconceivably great. 
The danger of the thunder-ſtorm now begins; 
for, as the force of the lightning is directed to 
ſome place below the ſuriace of the earth, it will 
certainly dart towards that place, and ſhatter 
every thing to pieces which refills it's paſſage. 

« The benefit of conducting rods will now 
alſo be evident. For we are ſure, the electric 
- matter will, in all caſes, prefer that way where 
it meets with the leaſt refiſtance, and this 1s over 
the ſurface of metals, In ſuch a caſe, therefore, 

| Aa it 
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if there happen to be a houſe furniſhed with a 
conductor directly below the cloud, and at the 
ſame time a zone of negatively electrified earth 
not very far below the foundation of the houſe, 
the conductor will almoſt certainly be ſtruck, 
but the building will be ſafe. If the houſe wants 
a conductor, the lightning will neverthcleſs 
ſtrike in the ſame place, in order to get at the 
electrified zone above-mentioned ; but the build- 
ing will be now damaged, becauſe the materials 
of it cannot readily conduct the electric fAluid.”* 


* See Encyclopzdia Britannica, Art. Lightning, Vol, 
vi. p. 4224. | 

That the electric matter, which forms and animates the 
thunder-clouds, iſſues from places far below the ſurface of 
the earth, and buries itſelf there, is probable from the deep 
holes that have been made in many places by lightning, by 
the violent inundations that have accompanied thunder- 
| Norms, not occaſioned by rain, but by water burſting from 
the bowels ef the earth, from which it muſt have been diſ- 
lodged by ſome internal concuſſion, &c,———Sce Dr. 
Prieſtley's Hiſtory of Electricity, p. 328. 


Tr. 
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CHAF Av: 


To CHARGE A PLATE or AlR, 


S air is an electric, it will receive a charge 

like all other electric ſubſtances. To this 
property may be aſcribed many of the phæno- 
mena which are obſerved in the courſe of the 
common electrical experiments; for the air 
which ſurrounds an electrified non-electric is 
always in ſome degree charged with the fluid, 
and thus acts upon the atmoſphere of the elec- 
trified conductor, not only by it's preſſure, but 
alſo by it's acquired electric powers; and that 
it pervades the air to a conſiderable diſtance, is 
evident from the different methods by which 
the air of a room may be electrified. 

Cover two large boards with tin- foil; ſuſpend 
one by (ilk ſtrings from the ceiling, and then 
connect it with the conductor ; place the other 
board parallel to the former, on an inſulating 
ſtand that may be caſily raiſed or lowered, to re- 
gulate the diſtance of the plates from cach other, 
Or place the boards in a vertical ſituation, on 
inſulating ſtands of the ſame height. In moſt 
caſes this form will be found the moſt con- 

Aa 2 venient. 
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venient. Theſe boards may be conſidered as 
the coatings to the plate of air which is between 
them. 

ExpERIMENT ccix. — Connect the upper 
board with the poſitive conductor, and the other 
with the ground; turn the cylinder, and the 
upper one will be electrified poſitively, and the 
under one negatively; the ſpace of air between 
the two plates acts as a plate of glaſs, it ſeparates 
and keeps aſunder the two electric powers. 
Touch the negative plate with one hand, and 
the upper one with the other, and a ſhock will 
be received ſimilar to that from the Leyden 
phial. 

The electric ſhock will always be felt when- 
ever a quantity of the fluid paſſes through any 
body in an inſtantaneous manner, and the force 
of the ſhock will be proportional to the quan- 
tity of electricity accumulated, and the eaſe with 
which it can eſcape; for the whole energy of the 
electricity depends on it's tenſion, or the force 
with which it endeavours to fly off from the 
electrified body. 

The two plates, when in contrary ſtates, 
ſtrongly attract each other, and will come to- 
gether, if they are not kept aſunder by ſorce. 
A ſpark will ſometimes paſs between the plates, 


and deſtroy the electricity of each. If an emi- 
nence 
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nence is placed on the under plate, the ſpark, 
in the ſpontaneous diſcharge, will ſtrike ir. 
The experiments with theſe boards will be more 
plealing, if one ſurface of the upper board is co- 
vered with gilt leather. The two plates, when 
charged, are ſuppoſed to repreſent the ſtate of 
the earth and the clouds in a thunder-ſtorm ; 
the clouds being in one ſtate, and the earth in 
an oppoſite one, while the plate of air acts as the 
electric, and the ſpontaneous diſcharges exhibit 
the phænomena of lightning. 

An obſervation has been made on this expe- 
riment, which ſeems to affect one of the prin- 
cipal ſupports of the received theory. . I have 
ſubjoined it, in order to invite thoſe who are 
converſant with electricity to a cloſer inveſtiga- 
tion of the ſubject. | 

In this experiment it ſeems impoſſible to de- 
ny, that air is penetrated by the electric fluid. 
The diſtance between the plates is ſo ſmall, that 
it muſt appear abſurd to ſay, that this ſpace 
is penetrated only by a repulſive power, when 
in other caſes we ſee the fluid pervading much 
greater ſpaces of air, But if one electric ſub- 
ſtance is penetrable by the electric fluid, we muſt 
be led ſtrongly to ſuſpect at leaſt that all the 
reſt are ſo too. If glaſs was altogether impene- 
trable to the fluid, it is natural to think that it 

Aa zg would 
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would run over it's ſurface very eaſily. But in- 
ſtead of this, ſo great is it's propenſity to enter, 
that a ſhock ſent through between two glaſs 
plates, if they are preſſed pretty cloſe together, 
always breaks them to pieces, and even reduces 
part of them to a powder like ſand. This laſt 
effect cannot be attributed to any other than the 
electric fluid entering the pores of the glaſs, and 
meeting with reſiſtance, the impetus of it's pro- 
greſſive motion violently forces the vitreous par- 
ticles aſunder in all directions. 

ExPERIMENT ccx. —Turn that fide of the 
upper board, on which the gilt leather is paſted, 
towards the lower one; place one or two ſmall 
metal hemiſpheres on the lower board; connect 
the upper board with the poſitive conductor, and 
the lower one with that which is negative, put 
the machine in action, and the upper board will 
diſcharge the whole of it's contents on one of , 
the hemiſpheres in a ſtrong flaſh, attended with 
a ſmart exploſion ; vivid coruſcations of electric 
light will be ſeen darting in various directions 
on the ſurface of the gilt leather. This experi- 
ment, ſays Mr. Becket, is more than a reſem- 
blance of lightning, it is nature inveſted with 
her own attire. 

Connect a coated phial with the poſitive con- 
ductor, ſo that it may be diſcharged with the 

| boards, 
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boards, and the flaſhes of light will extend far- 
ther, and the exploſion will be louder. 
FExrRIMNT cexi.— Place the wire, fig. 10, 
with the feathers tied ta it in the middle of one 
of theſe large boards, their divergence will not 
be near ſo much in this ſituation, as when they 
are at the edge of the board. If a piece of down 
or a feather is placed near the edge of the board, 
it will fly off to the neareſt non-electrified body; 
but, if it is placed in the middle, it will be a 
conſiderable time before it will move, and it 
will ſcarcely ſhew any ſigns of attraction, 
EXPERIMENT CCXII,—Place bran, or ſmall 
pieces of paper, near the center. of the lower 
board; when the machine is put in action, theſe 
will be alternately attracted and repelled with 
great rapidity, and agitated in an amazing man- 
ner. A pleaſing variation is made in this ex- 
periment by taking off the chain from the lower 
board, and now and then touching it with the 
hand ; touch both boards at the ſame time, and 
the motion ceaſes. But the moſt ſurprizing ap- 
pearance in this experiment is, that ſometimes, 
when the electricity is ſtrong, a quantity of pa- 
per or bran will accumulate in one place, and 
form a kind of column between the boards, it 
will ſuddenly acquire a ſwift horizontal motion, 


moving Ike a whirling pillar to the edge of the 
Aa 4 boards, 
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boards, and from thence fly off, and be ſcattered 
about the room to a canſiderable diſtance. | 

ExypERIMENT ccxiii.— Take two phials, the 
one charged poſitively, the other negatively, 
place them on the inſulated board, but as far 
from each other as the board will permit; inſert 
a range of candles in a piece of wood, about two 
inches diſtance from each other, ſo that the 
flame of each may be exactly parallel; when 
theſe candles are quickly introduced between 
the knobs of the phials, the ſpark will be ſeen 
to dart through all of them, and will have the 
appearance of a line of fire, variegated in a thou- 
fand different curves, 
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Or Taz ELecTRopHORUS, anD MR. Brnnzt's 
EXPERIMENTS THEREWITH, - + 


F IG. 73 repreſents an electrophorus. This 
4 inſtrument was invented by Mr. Volta, of 


Coma in Italy.“ It conſiſts of two plates of 
a circular form, the under plate is of braſs co- 
vered over with a ſtratumwof an electrical ſub- 
ſtance, generally of ſome negative electric, as 
wax, ſulphur, &c. the upper plate is of braſs, 
with a glaſs handle ſcrewed on the center of it's 
upper ſurface. * 

Reſinous elettries generally ſucceed dens for 
an electrophorus, than thoſe made only of'glaſs, 
not only as they are leſs affected by the humi- 
dity of the air, but as they ſeem to have the 
power of retaining longer the electricity which 
is communicated to them. 

To uſe this apparatus, firſt excite the under 
plate, by rubbing it's coated fide with a piece 
of clean dry flannel, or hare-ſkin; when this 

plate 

* Mr. Wilck, in Auguſt, 1762, contrived a reſinous 


apparatus, to which he gave the name of a perpetyal elec- 
trophorus. See Scripta Academiæ Suec. 1762, 


if it Wof Wax. 
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Kh Fate is well excited, it is to be laid on the table 


with the electric uppermoſt. Secondly, place 
the metal plate upon the electric, as in fig. 74 
and 75. Thirdly, touch the metal plate with 
the finger, or any other conductor. Fourthly, 
ſeparate the metal plate from the electric by the 
glaſs handle. This plate, when raiſed to ſome 
diſtance from the under one, will be found 
Alrongly electrified with the power which is con- 
trary to that of the electric plate, and will give 
a ſpark to any conductor that is brought near 
it. By repeating this operation, 1. e. by ſetting 
the metal plate on the electric, and then touch. 
ing it with the finger, a great number of ſparks 
may be ſucceſſively obtained without a freſh ex- 
Citation of the electric. | 

EXPERIMENT CCx1v.—By examining the elec- | 
trophorus with ſmall pith balls, we find, 

1. That as ſoon as the upper plate is placed 
on an electrophorus of wax, it acquires a weak 
poſitive electricity; and the contrary, if placed 
on an electrophorus of glaſs. 

2. That when the upper plate is touched by 
the finger, it loſes all it's electricity. 

3. When the upper plate is touched by the 


finger, and removed from the electrophorus, it 


acquires a ſtrong negative electricity, if the elec- 
trophorus is of glaſs; and a 8 electricity, 


„ The 
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The electrophorus may be conſidered as 
formed of ſeveral horizontal ſtrata ; ſo that when 
the upper one is excited, either by friction or 
communication, it is inſulated by the inferior 
ſtrata. Now all inſulated electrics preſerve their 
electricity a conſiderable time, and it is from 
that cauſe that the electricity of the electropho- 
rus continues ſo long. 

Inſulated and excited glaſs induces the nega- 
tive electricity on bodics brought within the 
ſphere of it's action, while negative clerics, in 
ſimilar circumſtances, produce the poſitive elec- 
tricity. Therefore the ſurface of the electro. 
phorus ought to communicate immediately a 
poſitive electricity, if it is of wax; the negative, 
if it is made of glaſs; which is perfectly con- 
formable to experiments. But when the upper 
plate is touched by the finger, the upper ſurface 
of the electrophorus ceaſes to be inſulated, and 
gives the negative electricity to the upper plate, 
if it is of glaſs, and the contrary, if of wax, 
agreeable to the different experiments which 
are deſcribed in this Eflay. 

Electric bodies do not put the fluid in that 
degree of motion, which is neceſſary to produce 
the ſpark, or exhibit the phænomena of attrac- 
tion and repulſion, while they are in contact with 
conducting ſubſtances, which is the reaſon why 


the 
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the upper plate exhibits no ſigns of electricity 
while it remains in contact with the under one, 
though they become ſenſible the inſtant it is re- 
moved from it. 

« In the caſe of a glaſs electrophorus (as it is 
a caſe which admits of a ſomewhat eaſier illuſ- 
tration, ) the excited plate acts upon the electric 
matter naturally contained in the upper braſs 
plate, ſo as to repel a part of it's natural quan- 
tity from it in form of a ſpark, at that part 
where the finger is applied to it. If the braſs 
plate in this ſtate is lifted up by it's handle, it 
will receive a ſpark from the finger. On being 
replaced, and the ſame operation taking place, 
the ſame reſult will be obtained; which may 
be continued for a great length of time, with- 
out diminiſhing the virtue of the excited elec- 
tric, which in fact does not part with any of it's 
own electricity, but only repels a part of what 
is in the upper plate, which is repeatedly re- 
ſtored to it from the earth by the perſon who 
makes the experiment.“ 

EXPERIMENT ccxv.—Place a piece of metal 
on an excited electrophorus, it may be of any 
ſhape; a pair of triangular compaſſes are very 
convenient for this purpoſe. Electrify the piece 
of metal with the power which is contrary to that 
of the electrophorus, and then remove it by means 


of 
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of ſome electric, and afterwards ſiſt upon the 
electrophorus ſome finely powdered reſin, which 
u ill form on it's ſurface curigus radiated figures. 
When the plate is negative. and the piece of 
metal poſitive, the powder forms itſelf princi- 
pally about thoſe parts where the metal was 
placed ; bur if the plate is poſitive, and the ſpark 
is negative, the part where the metal touched 
will be free from powder, and the other * 
more covered. 

EXPERIMENT CCXVI.—To recover the force of an 
eleftrophorus by itſelf. Place the metallic cover 
on the reſinous cake, touch it as uſual; then 
take it up, and diſcharge it on the knob of a 
Leyden phial; repeat this operation ſeveral 
times, and then place the bottle on the cake, 
and move it over it's ſurface, holding the bottle 
by the knob; this will augment the force of the 
electrophorus, and by reiterating the operation 
it will become very powerful. 

ExPERIMENT CCxv1i.—Inſulate a metal quart 
mug, and ſuſpend a pair of ſmall pith balls by 
filk, ſo that the whole of the electrometer may 
be within the mug, electrify the mug, and the 
electrometer will not be in the leaſt affected. 
The ſimilar atmoſpheres counterac each other; 
and as no contrary power can take place in the 


electrometer, it will remain unelectrified. Touch 
| | the 
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the mug with ſome conducting ſubſtance, and it 
will immediately attract the balls. | 
EXPERIMENT CCXVHI.— Suſpend a ſmall cylin- 
der of gilt paper 5 tin-foil, and then touch the 
electrified and inſulated mug with it, a ſpark 
will paſs between them, and the electricity 
will be diffuſed in each in proportion to their 
capacity. Now plunge the inſulated cylinder 
to the bottom of the mug, and it will reſtore to 
it the electricity it had received, but does not 
give the leaſt ſign of electricity when taken vut. 
ExPERIMENT CCXIX. — Connect a pair of 
pith balls with an inſulated metal veſſel, in 
which a metal chain is placed, raiſe the chain 
by means of a filk thread, and the divergence of 
the balls will diminiſh in proportion as the chain 
is raiſed and diſplayed ; ſhewing, that the elec- 
tricity is rarified, and it's denſity is diminiſhed, 


in proportion as it ſpreads itſelf from the ſur- 
face of the veſſel on the extended chain; which 


is confirmed by the balls diverging again when 
the chain 1s let down into the veſſel. This ex- 


periment affords an eaſy ſolution for many of 


the phænomena of atmoſpheric electricity, as 
why the vapour of clectrified water gives ſuch 
ſmall ſigns of electricity, and why the electricity 
of a.cloud is increaſed by being compreſſed or 
condenſed. 


ExPERI- 
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EXPERIMENT CCxx,—Excite a flip of white 
Aannel, or a ſilk ribbon, and take as many ſparks 
from it as it will give; then double or roll it, 
up, and the contraQted flannel will be ſtrongly 
electrical, give ſparks, and throw out bruſhes of 
light. ad 


New Experiments with M. LicuTENBURG'S large 
Electrophorus, by the Rev. Mr. BENNET; an 
extracted from his Work, entitled, New Expe- 
riments on Electricity.“ 


The following experiments are intended as 
improvements on M. Lichtenburg's beautiful 
configuration; firſt made on a reſinous elec- 
trophorus, by drawing over it the knob of a 
charged phial, and then rendered viſible by 
ſifting powdered roſin over the plate; which 
falling very differently, according to the cir- 
cumſtances in which the experiment is made, 
exhibits the diffuſion of electricity in a very 
pleaſing manner; ſee fig. 101 and 102, pl. V. 

Mr. Bennet's firſt electrophorus was a "glaſs 
plate fifteen, inches ſquare, covered on one ſide 
with a thin reſinous black coating, with tin- foil 
paſted on the other ſide; for, if the fide oppo- 
ſite to the reſinous one be not a conductor, the 
electrical fluid will not be eaſily diffuſed over 


it, Glaſs was uſed that the electricity might ® 
8 not 
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not be ſo liable to paſs through the ſmall holes 
and bliſtered places, which cannot well be 
avoided if the reſinous ſubſtance be thinly 
ſpread upon wood or metal. 
As powdered rofin projected from a bruſh is 
negatively electrified, there appeared no doubt 
but that chalk and other powders, which, by the 
ſame means, are negatively electrified, would 
anſwer as well or better; ſuch powders were 
therefored tried, and found to ſucceed remark- 
ably well. 

EXPERIMENT ccxxI.— The plate was ſuſ- 
pended by a loop againſt a wall, that the groſſer 
part of the powder might fall to the ground, 
and no more adhere to the plate than was at- 
tracted by the electricity diffuſed thereon. A 
ſmall phial was charged very weakly by one re- 
volution of the electrical machine, and aſter it's 
knob had been drawn over the reſinous plate, 
a cloud of chalk was projected by rubbing the 
lump upon a bruſh near the electrified ſurface of 
the plate; this produced a plain white line with- 
out any ramifications. - 

ö EXPERIMENT ccxxII.— When the phial was 
charged by three revolutions of the machine, 
ramifications appeard upon the. plate at a con- 
ſiderable diſtance from cach other. 

EXPERIMENT ccxxIII.— Five or ſix revolu- 
tions 


9 
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tions cauſed the electrical fluid to ſpread upon 
the plate in ramifications very near each other; 
Cloſe to each branch a ſmall ſpace was left un- 
covered with powder, forming a kind of ſhade 
to the figure. Beyond this ſhade the powder 
lay ſmooth, ſoftening off externally. 

ExPERIMENT CCXXIV.—With a very ſtrong 
charge the ramifications were cloſe and broad, 
reſembling white feathers with a very broad 
ſhade. 

EXPERIMENT CCxxv.—A. circular braſs plate 
with an inſulating handle was placed upon the 
refinous plate, and a ſpark from the charged 
bottle was communicated to the braſs plate 
which was then taken off by it's-inſulating han- 
dle, and chalk projected, which produced a 
very regular circle of ramifications about four 
inches long, proceeding from the circumference 
of the ſpace covered by the braſs plate, and 
within the circle were a number of irregular 
figures ſomewhat like ſtars. A ſhock made to 
paſs through the ſame plate generally produced 
more diſtinct ramifications, and ſometimes 
without any ſtars within the circle; and if the 
braſs plate was drawn along towards the edge of 
the electrophorus whilſt touched with the knob. 
of the phial, a very beautiful figure, ſee fig. 
101, plate V. was produced. 

BU ExPERIMENT 
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ExprRIMENT ccxxvi.—A phial. ſtrongly and 
negatively charged was drawn over the plate, 
and afterwards a pointed wire, held in the hand 
only, was drawn over the ſame figure; then 
chalk was projected, which produced a beauti- 
ful ramified figure in the middle of the nega- 


tive one. 


ExrrRIMENT ccxxvII. -A conical tin funnel 
was placed with it's baſe on the middle of the 
reſinous plate, and a negative ſtrong charge 
given by connecting the diſcharging-rod with 
the under ſide of the plate; then a poſitive 
charge was given in the ſame manner, the fun- 
nel was thrown off and chalk projected, which 
produced very beautiful ramifications both with- 
in and on the outſide of the circle. 

EXPERIMENT ccxxvIII.—A knob of wood, 
about an inch in diameter, was placed upon the 
wire of a phial which was charged highly poſi- 
tive, and the knob drawn over the plate ſo as to 
touch the ſurface; this produced a beautiful 
figure, the middle of which was ſmoothly co- 
vered with chalk, and the ſides finely ramified 
with ſhades. 

EXPERIMENT ccxxix. -A ſmall candle was 
inſulated, and it's flame placed about an inch 
diſtant from the middle of the reſinous plate; 


then the knob of a poſitively charged phial was 
| ſuddenly 


% 


ws 
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fuddenly brought to the flame, and both the 
flame and phial inſtantly taken away again. In 
this experiment, when the chalk was projected, 
a circular ſpace, about four inches in diameter, 
was clean and free from powder ; the reſt of the 
plate was covered, except a great number of 
ſmall Circular or elliptical ſpots, which ſhews 
that the electrical fluid paſſed to the plate in de- 
tached balls, like ſome atmoſpheric meteors ; or 
the plate abſorbed from the air a contrary ſtate 

* of electricity, which produced this appearance. 
ExPERIMENT CCxxx.—lf a poſitive figure be 
firſt drawn, and then a negative one acroſs it, or 
vice verſa, when the powder is projected, it is eaſy 
to diſtinguiſh which was firſt drawn, the ſecond 
appearing to cover the firſt ; and when the poſi- 
tive figure is made laſt, the ramifications at the 
place of junction extend farther than the reſt, 
and are left without powder; but if both the 
* ſtrokes are poſitive or negative, the firſt will ap- 

| pear to cover the ſecond. | 

ExPERIMENT CCXXX1.—If powders. of differ. 
ent colours are mixed, and projedted over the 
figures, ſome of the colours will prevail on the 
middle and ſome on the outſide, and eſpecially 
if two figures whole electricity is contrary are 
made on the ſame plate; and moſt of all when 
both the clectricat ſtates of the figures and pow- _ 
: Bb 7 ders 
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ders are contrary: for example, if minium; 
whoſe electricity is ſtrongly poſitive, and ſul- 
phur, very ſtrongly negative, be powdered to- 
gether, and then. this. mixed powder put into 
the bellows, and blown upon , the contrarily 
electrified figures, the powders ſeparate, and the 
ſulphur falls upon the poſitive figure and the 
minium on the negative: * * a. very 
e effect. 
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C. HAP. . 


Or MR. VoLTa's conDENSING PLATES, OR or 
THE ADVANTAGES WHICH MAY BE DERIVED 
FROM AN IMPERFECT INSULATION, AND or 
PENDERING VERY SENSIBLE VERY SMALL De- 
GRE"S OF NATURAL AND ARTIFICLAL ELEC» 


TRICITY,* 


A Conductor, properly conſtructed for mak- 
11 ing obſervations on atmoſpherical electri- 
city, ſeldom affects the moſt ſenſible electrometer 
when the ſky is free from electrical clouds ; but 
*by means of the apparatus now to be deſcribed, 
it will appear, that theſe conductors are always 
electrical, and conſequently the air which ſur- 
rounds them muſt be at all times electriſied. 
This method not only determines the exiſtence, 
but alſo the quality af the electricity, whether 
poſitive or negative, and that, even when the 
conductor will not attract the fineſt thread; but 
if a very ſmall attraction is viſible in the con- 
ductor, then the apparatus will give long ſparks. 

The electrophorus uſed for this purpoſe may 
with propriety be termed a micro electrometer, 


ar condenſer of electricity. _ 
B 3 | When- 


* Phil, Tran, 
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Whenever the atmoſpherical conductor gives 
ſufficient ſigns of electricity, then the condenfing 
apparatus becomes uſeleſs. For when the elec- 
tricity is ſtrong, it often happens that part of the 
electricity of the metal plate is impreſſed upon 
the other, in which cafe the apparatus acts as an 
electrophorus, and becomes unfit for our pur- 
poſe. | | 
The apparatus adapted for this purpoſe con- 
ſiſts of the upper plate of an electrophorus, and 
a ſemi- electric, or an imperfect conducting 
plane, which will only hinder in a certain de- 
gree the paſſage of the fluid. Many conductors 
of this kind may be formed; ſuch as a clean 
dry marble ſlab, a plate of wood, covered with 
a coat of varniſh, & c. the ſurface of thoſe bodies 
not contracting electricity, or if any ſnould ad- 
here to them, it ſoon vaniſnes, on account of 
their ſemi- conducting nature; for which reaſon 
they cannot anſwer the end of an electrophorus, 
but are fit to be uſed as condenſers of electri- 
city. 

Care ſhould be taken however in choofing 
this plane, that it be not of too free a conduct- 
ing nature, nor likely to become fo by ufe, it 
being abſolutely neceffary that the electricity 
ſhould find a conſiderable reſiſtance in pervad- 
ing it's ſurface, In preparing ſuch a plane, by 

| drying, 
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drying, or otherwiſe, it is much better to come 
too near than too far from a non- conductor. A 
marble ſlab, or board, properly dried, anſwers 
well, and is preferable to any other plane; 
otherwiſe the plate of the electrophorus is pre. 
ferable to all bodies unprepared. 
The worſt ſort of marble, if coated with l 
amber, or lac-varniſh, and then kept in an oven 
for a ſhort time, will anſwer very well, even 
without previouſly warming for the experiment. 

This, in fact, it may be ſaid, is returning to 
the electrophorus: as marble, wood, &c. var- 
niſhed, if they are hot, may be excited by a very 
ſlight friction, and ſometimes by only laying the 
metal plate on them; to prevent which, they 
ſhould be uſed without warming. 

The advantages plates of this kind have over 
the common electrophorus are, 1. That the 
varniſh is always thinner than the common reſi- 
nous ſtratum of an electrophorus; and 2. That 
the varniſh acquires a ſmoother and plainer ſur- 
face: hence the metal plate can with more ad- 
vantage be adapted to it. 

Any ſort of plane, covered with dry and clean 
oil-cloth, or oiled-filk, or ſattin, and any other 

ſilk ſtuff that is not very thick, may be uſed with 
equal advantage, if it is flightly warmed. Silk 
ſtuffs anſwer better for this purpoſe than thoſe 
Bba4 made 
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. 


made of cotton or wool, and both better than 
linen. Paper, leather, wood, ivory, bone, and 
every other ſort of imperfect conductors, may be 
made to anſwer to a Certain degree, if they are 
previouſly dried, and kept hot during the expe- 
riment. | 

This apparatus is rendered more ſimple by 
applying the filk, &c. to the upper plate of 
metal, which is fixed to the glaſs handle, inſtead 
of the marble or other plate, which now becomes 
uſeleſs; for in it's ſtead, a plane of any kind 
may be uſed, as a common wooden or marble 
table, even not very dry; a piece of metal, a 
book, or any other conductor with a flat ſurface. 

Nothing more is requiſite in theſe experi- 
ments, than that the electricity, which tends to 
paſs from one ſurface to the other, ſhould meet 
with ſome reſiſtance or oppoſition in one of the 
ſurfaces. | 

It is immaterial whether the non-conducting 

or ſemi- conducting ſtratum be laid upon one or 
the other of thoſe planes; all that is neceſſary 
is, that they ſhould coincide together, which 
renders it proper to uſe two planes that have 
been ground together, and one of them var- 
niſhed. A ſingle metal plate, covered with ſilk, 
with three filk ſtrings faſtened to it by way of. 
handle, may be conveniently uſed for ordinary 
EXPEFLMENTS, 
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To uſe the apparatus, the upper metal plate 
muſt be placed upon the unelectrified plate and 
in perfect contact with it. | 
The plates being thus placed, let a view com- 
municating with the conductor, be brought ug 
touch the metal plate of the eleArophorus, an 


that only, 
The- apparatus being left in that ſitugtiap a 0 
certain time, will acquire a ſuſſicĩient quantity 
«x . 
of electricity, but very ſlowly. 1 
CS i 
F Remove the communicating wire from the 


metal plate, and, by means of it's inſulated han- 

dle, ſeparate it from the under one; it will now © 
attract a thread, electrify an electrometer, and, 

if it is ſtrong, will give ſparks, &c. though the 0 
at moſpherical conductor ſhewed no, aps only 
ſmall, ſigns of it. 

It is not eaſy to determine the exact time 

neceſſary for this apparatus to remain in contact 

with the conductor, as it will depend on many 
circumſtances ; for, if there are no ſigns of ele- 
tricity in the conductor, it will require eight or 

ten minutes, but if it attracts fine thread, as 
many ſeconds will be found ſufficient. 

It is difficult alſo to determine the preciſe 
degree to which the electricity may be con- 
denſed, or how much the electrical phænomena 
may be increaſed by this apparatus, as it Ge- 


1 


4 278 AN ESSAY ON ELECTRICITY, 


2 2 * ＋ 
pends on various circumſtances. The augmen- 


ration is, however, greater in proportion as the 
body which ſupplies the metal plate has a 
greater capacity, and is larger in proportion as 
he electricity is weaker. Thus, though the 
atmoſpherical conductor has ſcarcely power ſuffi. 
cient to attract a fine thread, it is nevertheleſs 
capable of giving ſuch a quantity of electricity 
to the metal plate of the electrophorus, as not 
only to actuate an electrometer, but even dart 
ſtrong ſparks. But if the electricity of the at- 
moſpherical conductor is ſtrong enough to afford 

Parks, or to raiſe the index of the electrometer 

to 5 or 6 degrees, then the receiving plate of 
the electrophorus, according to this method, 

will iſe it's index to the higheſt degree and 

give a ſtronger ſpark; yet it may be plainly 
perceived, that the condenſation is propor- 
tionably leſs in this than in the other caſe; for 

this reaſon the electricity cannot be accumulated 

» beyond the greateſt degree ; that is to ſay, when 

it is increaſed ſo much as to be diſſipated every 

way: therefore, as the electric power, which 
ſupplies the condenſer, is neareft to the higheſt 

degree, the condenfation is proportionably leſs ; 

bur in this caſe the condenſer is uſeleſs; it's 

h incipal uſe being to collect and render ſenſible 

t ſmall — of electricity, which would 
otherwiſe 


7 ® 
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otherwiſe remain imperceptible and unob« * 


ſerved. 

Hitherto we have adapted our condenſer to 
the detecting weak atmoſpherical electricity, as 
brought down by the conductor; but this, 
though the principal, is not the only uſe to 
which it may be applied. It will likewiſe diſ- 
cover artificial electricity, when it is ſo weak as 
not to be diſcoverable by any other means. 

A Leyden phial charged, and then diſcharged 
by touching it's coated ſides with the diſcharg- 
ing rod or the hand, appears to be quite de- 
prived of it's electricity; yet if you touch the 
knob of it with the metal plate of the condeh- 
ſer, (ſituated upon an imperfect conducting 
plane,) and immediately take up the plate, it 
will be found to give very conſpicuous ſigns of 
electricity. But if juſt ſufficient charge is left 
in the phial to attract a fine thread, and the 
metal plate is then brought to touch the knob 
for a moment, it will, when lifted up, give a 
ſtrong ſpark, and if touched again, a ſecond 
ſcarce ſmaller than the former; and thus ſpark 
after ſpark may be obtained for a long time. 

This method of producing ſparks, by means 
of a phial which is not charged fo high as to 
give ſparks of itſelf, is very convenient for va- 
rious pleaſing experiments ; as to fire or light 


» 
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the inflammable air-piſtol, or lamp; eſpecially 

| when a perſon is provided with one of thoſe 

1 phials contrived by Mr. Cavallo, which, when 

* charged, may be carried in the pocket a long 
time. Theſe phials, as they retain a ſenſible 
charge for ſeveral days, will retain an inſenſible 

one ſor weeks and months; or, ſuch a one as 
cannot eaſily be diſcovered without the conden- 
ſer, in which caſe it becomes more than ſen- 
ſible, and ſufficient for the experiments of the 
inflammable air- piſtol, &c. 

Secondly. If you have an electrical machine 
ſo far out of order that it's conductor will not 
give a ſpark, nor attract a thread, then let this 
conductor touch the metal plate of the conden- 
ſer, and continue in that ſituation a few mi- 
nutes, (the machine being ſtill in motion, ) lift 
up the metal plate, and you will obtain from it 
a ſtrong ſpark. 

Thirdly. If the electrical machine acts well, 
but the conductor is ſo badly inſulated that it 
will notygive a ſpark, either from it's being con- 
nected with the walls of the room, or by having 
a chain from it to the table, let the conductor in 
chis ſtate touch the metal plate of the condenſer, 
while the machine 1s in action, the plate will 
afterwards give ſufficient ſtrong ſigns of clectri- 
city; which proves the great power this appa- 

| ratus 
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ratus has of drawing and condenſing the elec- 
tricity. ä 
Fourthly. Where the electrometers are not 


ſufficiently ſenſible to diſcover the quantities of 


excited electricity, thoſe quantities may be rea- 
dily explored by the condenſer. For this pur- 
poſe, rub thoſe bodies with: the metal plate of 
the condenſer, which for this purpoſe muſt be 
naked, and if the plate be then preſented to an 
electrometer, it will be found conſiderably elec- 
trified, although the body rubbed may have ac- 


quired little or no electricity. The quality, 


whether poſitive or negative, may eaſily be 
aſcertained, ſince the electricity of the metal 
plate muſt be the contrary of that body on which 
it was rubbed. Mr. Cavallo made uſe of this 
method to diſcover the electricity of many 
bodies. Bur ftill a better method may be uſed, 
in caſe the bodies to be examined cannot eafily 
be adapted to the metal plate, viz. The metal 
plate being laid on the imperfect conducting 
plane, the body to be tried is rubbed againſt, 
or repeatedly ſtroaked upon it, which done, the 
plate is taken up and examined by an electro- 
meter. If the body tried is leather, a ſtring, 
cloth, velvet, or other imperfect conductor of 
the like ſort, the plate will certainly be found 

electrified, and incomparably more by this 


J . mean 
ry 
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means than if it were ſtroaked by the ſame 
bodies, whilſt ſtanding inſulated in the air. In 
ſhorty by either of thoſe methods you will ob- 
tain electricity from bodics which could hardly 
be expected to give any, even when they are not 
very dry. Indecd, coals and metals excepted, 
every other body will afford ſome electricity. 
Electricity may often be obtained by ſtroaking 
the plate with the naked hand. 

The metal plate has a much greater power 
to retain electricity when it lies upon a proper 
plane, as mentioned in the foregoing experi- 
ments, than when quite inſulated. 

It is eaſy to comprehend, that where the ca- 
pacity of holding electricity is greateſt, there 
the intenſity of the electricity is proportionably 
leſs, for it will then require a greater quantity to 
raiſe it to a given degree of intenſity ; ſo that the 
aapacily is inverſely as the intenſity; by which we 
mean that endeavour, by which the electricity 
of an electriſied body tends to eſcape from all 
parts of it; to which tendency or endeavour, the 

electrical phenomena of attraQtion- and repul- 
fion, and eſpecially the degree of elevation of 
an electrometer, correſpond. 

That the intenſity of electricity muſt be in- 
verſely proportioned to the capacity of the body 
electrified, will be clearly exemplified by the 
following experiment. 


* ExprRI- 


® 


8 * 5 a 
7 * 


0 
AN ESSAY ON EACTRICITY. 283 


EXPERIMENT CCXXXLL.—Taketwo metal rods 
of equal diameter, the one a foot, the other five . 
feet long; let the firſt be electrified till ghe ins 
dex of the electrometer riſes to 609, then let it 
touch the other rod; and in that caſe it ig evi- 
dent, that the intenſity of the electricity being 
ditfuſed between the two rods, will be dimi- 
niſhed as the capacity is increaſed ; ſo „ | 
index of the electrometer, which before 
vated to 60% will no fall to 10% wig. to ongy 
ſixth of the former intenſity. For the dame 
reaſon, if the like quantity of cletricity Was 
communicated to a rod 60 feet long, it's inten- 
ſity would be diminiſhed to one degreg; and on 
the contrary, if the electricity of the long con« 
ductor was contracted into the both part of that 
capacity, it's intenſity would be increaſed to 60. 

Conductors of different hulk have not only 
different capacities for holding electricity, but 
alſo the capacity of the ſame con 
creaſed and diminiſhed in proportion as it's ſur- 
face is enlarged and conttacted; as is ſhewn in 8 
Dr. Franklin's experiment of the can and chain, 
&c. from which it has been concluded, that this * 
capacity of conductors is in proportion to theit 
ſurface, ani not to their quantity of matter. 

This concluſion is true, but does not com- 
prehend the whole theory, ſince even the exten 
9 fion 
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, fion contributes to increaſe the capacity. In 
| ſhort, it appears from all the experiments 
Kitheno made, that the capacity of conductors 
is not in proportion to the ſurfaces in general, 
but to the ſurfaces which are free, or uninflu- | 
enced by ſimilar or homologous atmoſpheres ; 
and further that the capacity of à conductor, 
ther altered in it's form or ſurface, is in- 
ws. when, inſtead of remaining quite inſu- 
Hated, it is preſented to another not inſulated ; 
and this increaſe is more conſpicuous, as the 
ſurlaces of the conduQors are larger, and _- 
proach nearer to each other. | 
The above- mentioned circumſtances, by which 
the natural capacity of conductors is greatly aug- 
mented, has been overlooked, and therefore no 
advantage has hitherto been deduced from it. 
The following experiment will ſhew this in- 
creaſed capacity in the ſimpleſt manner, 
Expprrivent ccxxxIII.— Take the metal plate 
of an electrophorus, hold it by it's handle in the 
air, and electrify it ſs, that the index of an elec- 
trometer annexed to it may be elevated to 600, 
then lower the plate by degrees to a table, or 


other plain conducting ſurface, the index will 


gradually fall from 60e, to go, 40% 302%, &c. 
and yet the quantity of electricity i in the plate 
— the ſame, except it is brought ſo near 

the 


E 
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the table as to occaſion a tranſmiſſion of the 
electricity from the former to the latter; at leaſt, 
it will remain as near the ſame, as the dampneſs 
of the air, &c, will permit. The decreaſe of 
intenſity is owing to the increaſed capacity of 
the plate, which is now not inſulated, or ſolitary, 
but conjugate, or communicating with another 
conductor: for let the plate be gradually re- 
moved from the table, the electrometer willTiſe 
again to it's former ſtation, namely, to 60® ex- 
cepting the loſs that the air, &c. may have oc- 
caſioned during the experiment. 

The reaſon of this phænomenon is eafily deri- 
ved from the action of electric atmoſpheres. The 
atmoſphere of the metal plate, which for the 
preſent I ſhall ſuppoſe electrified poſitively, acts 
upon the table, or other conductor, to which it 
is preſented ; ſo that the electric fluid in the table 
retiring to the remoter parts of it, becomes more 
rare in thoſe parts which are expoſed to the metal 
plate, and this rarefaction increaſes the nearer the 
electrified metal is brought to the table; if the 
metal plate is electrified negatively, the contrary 
effects take place. In ſhort, the parts which are 
immerſed in the ſphere of action of the electri- 
fied plate, by contracting a contrary electricity, 
give the electricity of the metal plate an oppor- 
tunity to expand itſelf, and will thus diminiſh 

CY it's 
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it's intenſity, as is ſhewn by the depreſſion of 
the electrometer. | 

The two following experiments will throw 
more light upon the reciprocal action of the 
electric atmoſpheres. 

EXPERIMENT CCXXxLVv. — Electrify two flat 
conductors, either both poſitively or ncgatively, 
then bring them gradually towards each other, 
and it will appear, by two annexed electrome- 
ters, that the nearer they approach each other, 
the more their denſities will increaſe, as all 
elaſtic bodies re-act in proportion as they are 
acted on; which ſhews, that either of the two 
conjugate powers has a much leſs capacity to re- 
ccive more fluid now, than when ſingly inſula- 
ted, and out of the influence of the other. 


This experiment explains, why the tenſion of 
the electric atmoſphere on an electrified con- 
ductor is greater when it is contracted into a 
ſmaller bulk; and alſo, why a long extended 
conductor will ſhew leſs intenſity than a more 
Compact one, ſuppoſing their quantity of ſur- 
face and electricity to be the ſame; becauſe the 
homologous atmoſpheres of their parts interfere 
leſs with each other in the former than in the 
latter caſe, and of courſe, as their action is leſs, 
the re- action is alſo leſs. 

ELxp TRI 
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EXPERIMENT ccxxxv.Electriſy one of theſe 
flat conductors poſitively, the other negatively, 
and the effects will then be juſt the reverſe of 
the preceding, viz. the intenſity of their eleQri- 
cities will be diminiſhed, becauſe their capaci- 
ties, or their power and facility of expanding, 
are increaſed the nearer the conductors come to 
each other. 

Apply the explanation of this laſt experiment 
to that mentioned before, viz. the bringing the 
electrified metal plate towards a conducting 
plane, which is not inſulated ; for, as this plane 
acquires a contrary electricity, it follows, that 
the intenſity of electricity in the metal plate 
muſt be diminiſhed, and the annexed electro- 
meter is depreſſed according as the capacity of 
the plate is increaſed, or as the denſity of it's 
atmoſphere is diminiſhed ; and conſequently the 
plate in that ſituation is capable of receiving a 
greater quantity of electricity. 

This will be rendered till clearer by the fol- 
lowing experiment. 

EXPERIMENT ccxxxvi.—Inſulate the conduc- 
ting plane whilſt the other electrified plate is 
upon it, and afterwards ſeparating them, both 
the metal plate and conducting plane, which 
may be called the inferior plane, will be found 

S& 0 electrified, 
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eleqrified, but poſſeſſed of contrary electricities, 
as may be aſcertained by electrometers. 

If the inferior plane is inſulated firſt, and 
then the electrified plate is brought over it, the 
latter will cauſe an endeavour in the former to 
acquire a contrary electricity, which the inſula- 
tion prevents from taking place; hence the in- 
tenſity of the electricity of the plate is not dimi- 
niſhed, at leaſt the electrometer will ſhew a very 
little, and almoſt imperceptible depreſſion, which 
ſmall depreſſion is owing to the imperfection of 
the inſulation of the inferior plane, and to the 
ſmall rarefaction and condenſat ion of the electric 
fluid, which may take place in different parts 
of the ſaid inferior plane. But if, in this ſitua- 
tion, the inferior plane be touched ſo as to cut 
off the inſulation for a moment, then it will ac- 
quire the contrary electricity, and the intenſity 
in the metal plate will be diminiſhed. | 

If the inferior plate, inſtead of being inſu- 
tated; were itſelf a non- conducting ſubſtance, 
then the ſame phænomena would happen, viz. 
the intenſity of the electrified metal plate laid 
upon it would-not be diminiſhed. This, how- 
ever, is not always the caſe, for if the ſaid in- 
ferior non- conducting plane is very thin, and is 
laid upon a conductor, then the intenſity of the 
electrified metal plate: will be diminiſhed, and 

2 it's 
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it's capacity will be increaſed by being laid upon 
the thin inſulating ſtratum: as in that caſe, the 
conducting ſubſtance, which ſtands under the 
non-conducting ſtratum, acquiring an electricity 
contrary to that of the metal plate, will diminiſh 
it's intenſity, &c. and then the inſulating ſtra- 
tum will only diminiſh the mutual action of the 
two atmoſpheres more or leſs, according as i 
keeps them at greater or ſmaller diſtances from 
each other. | 
The intenſity or electric action of the metal 
plate, which diminiſhes gradually as it is brought 
nearer and nearer to a conducting plane not in- 
ſulated, becomes almoſt nothing when the plate 
is nearly in contact with the plane, the compen= 
ſation or natural ballance being nearly perfect. 
Hence, if the inferior plane only oppoſes a ſmall 
reſiſtance to the paſlage of the electricity, (whe- 
ther ſuch reſiſtance is occaſioned by a thin elec- 
tric ſtratum, or by the plane's imperfect con- 
ducting nature, as is the caſe with dry wood, 
marble, &c.) that reſiſtance, joined to the inter- 
val, however ſmall, that is between the two 
plates, cannot be overcome by the weak intenſity 
of the electricity of the metal plate, which on that 
account will not dart any ſpark to the inferior 
plane, (except it's electricity were very powerful, 
or it's edges not well rounded,) and will rather 
Cc 3 retain 
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retain it's electricity; ſo that being removed from 
the inferior plane, it's electrometer will ncarly re- 
cover it's former height. Beſides, the electrified 
plate may even come to touch the imperfectly con- 
ducting plane, and may remain in that ſituation for 
ſome time; in which caſe, the intenſity being 
reduced almoſt to nothing, the electricity will 
accordingly paſs but flowly to the inferior plane. 

But the caſe is different, if, in performing this 
experiment, the electrified metal plate touches 

the inferior plane edgewiſe, for then it's intenſity 
being greater than when it is laid flat, as appears 

by the electrometer, the electricity eaſily over- 
comes the ſmall reſiſtances, and paſſes to the 
inferior plane, even acroſs a thin ſtratum, becauſe 

the electricity of one plane is ballanced by that of 
the other, only in proportion to the quantity of 
ſurface which they oppoſe to each other within 
à given diſtance; ſo that when the metal plate 

touches the other plane in flat and ample contact, 

it's electricity is not diſſipated. This apparent 

paradox is clearly explained by the FEY of 
electric atmoſpheres, 

It is ſtill more like a paradox, that neither 
touching the metal plate with a finger or piece 
of metal will deprive it of all it's electricity, 
while ſtanding upon the proper plane ; ſo that 
It generally leaves it ſo far electriſied, that when 

ſeparated 
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ſeparated from the plane, it will give a ſpark. 
Indeed this phænomenon could not be explained 
on the ſuppolition, that the finger or metal were 
perfed conductors. But, ſince we do not know 
of any perfect conductor, the metal or finger op- 
poſe a ſufficient reſiſtance to retard the imme- 
diate diſſipation of the electricity of the plate, 
which is in that caſe actuated by a very ſmall 
degree of intenſity, or power of expanſion ; fo 
that, ſuppoſe, for inſtance, the piece of metal 
or finger touching the plate took off ſo much of 
it's electricity as to reduce the intenſity of the 
remainder to the ;oth part of a degree, this re- 
maining electricity would be then nothing ; bur 
when the plate, by being ſeparated from the in- 
ferior plane, has it's capacity ſo far diminiſhed 
as to render the intenſity of it's electricity 100 
times greater, then the intenſity of that remain- 
ing electricity would become of two degrees or 
more, viz. ſufficient to afford a ſpark, 
Having conſidered in what manner the action 
of clectric atmoſpheres modifies the electricity 
of the metal platc in it's various ſituations, we 
ſhall now conſider the effects which take place 
when the electricity is communicated to the 
metal plate, whilſt ſtanding upon a metal plane. 
As the whole buſineſs has been proved in the 
preceding pages, it is eaſy to deduce the appli 
| Cc4 cations 
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cations from it: nevertheleſs, it will be uſeful 
to exemplify it by an experiment. 

EXPERIMENT CCXXXVII.—Suppolſe a Leyden 
phial, or a conductor, ſo weakly electrified that 
it's intenſity is one half a degree, or even leſs ; 
if the metal plate of the condenſer, when ſtand- 
ing upon it's proper plane, was to be touched 
with that phial or conductor, it is evident, that 
either of them would impart to it a quantity of 
it's electricity, proportional to the plate's ca- 
pacity, viz. ſo much as ſhould make the inten- 
ſity of the electricity of the plate equal to that of 
the electricity in the conductor or phial, viz. 
half a degree; but the plate's capacity, now it 
lies upon a proper plane, is above 100 times 
greater than if it ſtood inſulated in the air, or 
which is the ſame thing, it aquires 100 times 
more electricity from the phial or conductor. Ir 
naturally follows, that when the metal plate is re- 
moved from the proper plane, it's capacity being 
leſſened ſo as to remain equal to the 100th part 
of what it was before, the intenſity of it's elec- 
tricity muſt become 50, ſince the intenſity of 
the electricity in the phial or conductor was half 
a degrec. 

It a ſmall quantity of electricity, applied to 


the metal plate of the condenſer, enables it to 


give a ſtrong ſpark, it may be aſked, What would, 
a greater 


1 


AN ESSAY ON ELECTRICITY. 393 


a greater quantity do? Why, nothing more. Be- 
cauſe, when the electricity communicated to the 


metal plate is ſo ſtrong as to overcome the ſmall 
reſiſtance of the inferior plane, it will be diſſi- 
pated. 19 

It is caſy to underſtand, that if the metal plate 
of the condenſer can receive a good ſhare of 
electricity from a Leyden phial or ample conduc- 
tor, however weakly electrified, it cannot re- 
ceive any conſiderable quantity of it from a con- 
ductor of ſmall capacity; for this conductor 
cannot give what it has not, except it were con- 
tinually receiving a ſtream, however ſmall, as is 
the caſe with an atmoſpherical conductor, or with 
the conductor of a machine which acts very 
poorly, but continues in action. In thoſe caſes 
it has been obſerved, that a conſiderable time is 
required before the metal plate has acquired a 
ſufficient quantity of electricity. 

As an ample conductor, weakly electrified, 
imparts a conſiderable quantity of electricity to 
the metal plate of the condenſer, ſo when this 
plate is afterwards ſeparated from it's plane, the 
electricity in it appears much condenſed and 
vigorous; when the ſame plate contains a 
ſmall quantity of eleQricity, ſuch as cannot 
give a ſpark or affect an electrometer, that elec- 
tricity may be rendered very conſpicuous by 

| COMMU = 
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communicating it to another ſmall plate or con- 
denſer, 

Mr. Cavallo firſt thought of this improve- 
ment, by reaſoning on Mr. Volta's experiments. 
He made a ſmall metal plate not exceeding the 
fize of a ſhilling. This ſecond condenſer is of 
great uſe in many caſes, where the electricity is 
fo ſmall as not to be at all, or not clearly ob- 
ſervable by one condenſer only, as has been fully 
proved. Sometimes the uſual metal plate of a 
condenſer acquires ſo ſmall a quantity of elec- 
tricity, that being afterwards taken from the 
inferior plane, and preſented to an extremely 
ſenſible electrometer, made by Mr. Cavallo, it 
did not affect it. In this caſe, if the ſaid plate, 
thus weakly electrified, was made to touch the 
other ſmall plate properly ſituated, and was af- 
terwards brought near an electrometer, the elec- 
tricity was then generally ſtronger than was ſuf- 
ficient merely to aſcertain it's quality. 

Now, if by the help of both condenſers, the 
intenſity of the electricity has been augumented 
1000 times, which is by no means an exagge- 
ration, how weak mult then be the electricity of 
the body examined! how ſmall the quantity of 
clectricity that is produced by rubbing a piece 
of metal with one's hand! fince when it is con- 


denſed by both condenſers, and then communi- 
5 | cated 
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cated to an electrometer, it will hardly affect 
that inſtrument, and yet is ſufficient to afford 
conviction, that the metal can be electrified by 
the friction of a perſon's hand. 

Before the diſcovery of the condenſer and Mr. 
Cavallo's very ſenſible electrometer, we were far 
from being able to diſcover ſuch weak excita- 
tions; whereas, at preſent, we can obſerve a 
quantity of electricity, incomparably ſmaller 
than the ſmalleſt obſervable at thoſe times. 
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CHA P. -XVIE 


* 


Or THE Merrops ar MANIFESTING THE Par. 
.  SENCE, AND ASCERTAINING THE. QUALITY OF 
Narukal OR ARTIFICIAL nnn. 


R. Chen was the firſt perſon who con- 

.. ſtructed, an ele&rometer, or inſtrument 
capable of ſhewing what was then conſidered 
as a ſmall quantity of electricity. This inſtru- 
ment conſiſted of two ſmall balls of pith of 
elder, or of cork, faſtened to the two extremi- 
ties of linen thread; the middle of which was 
faſtened to an oblong wooden box, in which 


the thread and balls were kept when not actually 


in uſe. 

Mr. Cavallo found, in the courſe of his ex- 
periments, that theſe were not ſufficiently ſen- 
fible; and that a ſmall quantity of power being 
diffuſed through the box, thread, and balls, had 
not ſufficient power to ſeparate the balls. 

To obviate this, Mr. Cavallo made the elec- 
trometers very ſhort, ſuſpended each ball by a 
ſeparate piece of ſilver wire, the upper part of 
which was formed into a loop, moving in a ring 
of wire; this he incloſed in a bottle ; from 

whence 
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whence it acquired the name of the bottle elec- 
trometer. 


Deſcription of Mr. Cavaiio's Battle Elrctrumerrr. 


The principal part of this inſtrument is a glaſs 
tube CD MN, cemented at the bottom into 
the braſs piece A B, by which part the inſtru- 
ment is to be held when uſed for the atmaſphere; 
and it alſo ſerves toſcrew the inſtrument into it's 
braſs caſe A BO, fig. 76. The upper part of the 
tube CDMN is ſhaped tapering to a ſmall 
extremity, which is entirely covered with ſealing- 
wax; into this tapering part a ſmall tube is 
cemented ; the lower extremity, being alſo co- 
vered with ſcaling-wax, projects a ſmall way 
within the tube CDMN ; into this ſmaller tube a 
piece of wire is cemented, which, with it's under 
extremity, touches the flat piece of avary H, faſt. 
ened to the tube by means of a cork ; the upper 
extremity of the wire projects about a quarter of 
an inch above the tube, and ſcrews into the braſs 
cap E F, which cap is open at the bottom, and 
ſerves to defend the waxed part of the * 
ment from the rain, &c. 

: 1M and KN are two narrow flips of tin-fol, 
ſtuck ro the infide of the glaſs CDMN, and 


communicating with the braſs bottom A B. 
W They 
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They ſerve to convey that electricity, which, 
when the balls touch the glaſs, is communicated 
to it, and, being accumulated, might diſturb the 
free motion of the balls. 

To uſe this inſtrument for artificial electri- 
city, electrify the braſs cap by an electrified ſub- 
ſtance, and the divergence or convergence of 
the balls of the electrometer, at the approach 
of an excited electric, will ſhew the quality of 
the electricity. The beſt manner to electrify 
this inſtrument is, to bring excited wax ſo near 
the cap that one or both of the corks may touch 
the fide of the hoitle CDMN, after which they 
will ſoon collapſe and appear unelectrified. If 
now the wax is removed, they will again di- 
verge, and remain unelectrified poſitively. 

When this electrometer is to be uſed to try 
the electricity of the fogs, air, clouds, &c. the 
obſerver is to do nothing more than to unſcrew 
it from it's caſe, and hold it by the bottom AB 
ro preſent it to the air a little above his head, 
ſo that he may conveniently ſee the balls P, 
which will immediately diverge if there is any 
electricity; i. e. whether poſitive or negative 
may be aſcertained, by bringing an excited piece 
of ſealing-wax or other electric towards the 
braſs cap EF. 


of 
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Of Mr. Ds SaussURE's Bottle Elettrameter.* 


The electrometer uſed by Mr. De Sauſſure is 
nearly the ſame as that of Mr. Cavallo's. The 


following 


* This electrometer may be uſed inſtead of the conden- 
ter of M. Volta, by only placing it on a piece of oiled filk, 
ſomewhat larger than the baſe of the inſtrument ; but in 
this caſe, it is the baſe, and not the top of the inſtrument, 
which muſt be brought into contact with the ſubſtance 
C. noſe electricity is to be explored. 


By this inſtrument, it is eaſy to aſcertain the degree of 


conducting power in any ſubſtance. For example, if it is 
placed on an imperfe& conduttor, as dry wood or marble, 


and if the inſtrument is electrified ſtrongly, and afterwards | 


the top is touched, the electricity will appear to be de- 
ſtroyed ; but on lifting up the inſtrument by the top, the 
balls will again open, becauſe the imperfe& conductor 
formed with the baſe a kind of elerophorus, by which 
the electric fluid was condenſed, and loſt it's tenſion, till 
the perfect conductor was ſeparated from the imperfet 
one; whereas, if the conductor had been more perfect, it 
would have been deprived of it's electricity immediately 
on the application of the hand. 

It is eaſy to diſcover alſo, by this inſtrument, the elec- 
tricity of any ſubſtance, as of cloaths, hair of different ani- 
mals, &c. For this purpoſe, it muſt be held by the baſe, 
and the ſubſtance rubbed briſkly (only once) by the ball of 
the elerometer ; the kind of electricity may be aſcertained 
in the uſual manner, It is proper, however, to obſerye 
here, that as the top of the electrometer acts in this caſe as 
an inſulated rubber, the electricity it acquires is always 
contrary to that of the rubbed body. 


— 
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following are the moſt material circumſtances 
in which they differ; firſt, the fine wires, by 
which the balls are ſuſpended, ſliould not be 
long enough to reach the tin-foil which is paſted 
on the inſide of the glaſs, becauſe the electri- 
city, when flrong, will cauſe thein to touch this 
tin-foil twice confecutively, and thus deprive 
them in a moment of their electricity. To 
prevent this defett, and yet give them a ſufli- 
cient degree of motion, it is neceſſary to uſe 
larger glaſſes than thoſe that are generally apd 
plied to Mr. Cavallo's electrometer; two or 
three inches diameter will be found to anſwer 
the purpoſe very well. But as it is neceſſary to 
carry off the electricity which may be commu- 
nicated to the inſide of the glaſs, and thus be 
confounded with that which belongs to thoſe 
ſubſtances that are under examination; four 
pieces of tin-foil ſhould be paſted on the inſide 
of the glaſs; the balls ſhould not be more than 
1-20th of an inch diameter, ſuſpended by ſilver 
wire, moving freely in holes nicely rounded. 
The bottom of the electrometer ſhould be of 
metal ; for this renders it more eaſy to deprive 
them of any acquired electricity, by touching 
the bottom and top at the ſame time.“ Sec fig. 
11, 12, 13. pl. I. | 


In 


. Voyage dans les Alpes par H. B. De Sauffure, Tom. 
ſecond, | 
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In order to collect a great quantity of electri- 
city from the ait the electrometer is furniſhed 
with a pointed wire, 15 inches, or two feet 
long, which unſcrews in three or four pieces, 
to render the inſtrument more portable; ſee 
fig. 11, pl. I. When it rains or ſnows, the 
ſmall parapluie, fig. 13, pl. I. is to be ſcrewed 
on the top of the inſtrument, as by this it's in- 
ſulation is preſerved, notwithſtanding the rain. 

This inſtrument indicates not only the elec- 
tricity of fogs, but that alſo of ſerene weather, 
and enables us to diſcover the kind of electri- 
city which reigns in the atmoſphere; and to a 
certain degree, to form an eſtimate of it's quan- 
tity, and that under two different points of view, 
the degree of intenſity, and the diſtance from 
the earth at which it firſt begins to be ſenſible. 

A conductor“ exhibits ſigns of electricity, 
only when the electric fluid is more or leſs con- 
denſed in the air, than in the earth. Thopygh 
the air reſiſts the paſſage of the electric fluid, it 
is not abſolutely impermeable to it; it ſuffers 
it to paſs gradually, and generally with more 
eaſe in proportion as it's maſs or thickneſs is 


leſs. It is therefore intereſting to diſcover at 
D d v Hat 


A conductor raiſed for the purpoſe of making atmo- 
pherical experiments is meant here. 
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what height it is neceſſary to be elevated, in or- 
der to find a ſenſible difference between the 
electricity of the earth, and that of the air. A 
very ſenſible difference may be generally diſco- 
vered by this inſtrument, at the diſtance of four 
or five feet from the ground ; ſometimes it may 
be ſeen if the inſtrument is placed even on the 
ground, while at others, it muſt be raiſed ſeven 
or more feet before the balls will open; ſome- 
times, though ſeldom, this height is not ſuffi- 
_ cient. This diſtance is generally greateſt when 
the electricity 1s ſtrongeſt, though neceſlarily 
modified by a variety of circumſtances, ſome of 
which are known, as the degree of dryneſs or 

humidity of the air, and others are unknown. 
The degree of intenſity, at a given height, 
may be diſcovered thus; raiſe the electrometer, 
and judge by the divitions which are placed on 
the edge thereof, the degree of their divergence. 
To find the relation between this degree of di- 
vergence, and the force of the electricity, M. 
De Sauſſure took the following method, as he 
could not with certainty double or triple a given 
quantity of electricity; yet, as a given force 
may be reduced one half, a fourth, or eighth, 
Vc. by dividing between two equal and ſimi- 
lar bodies, the electricity contained in one; he 
took two of his unarmed electrometers, which 
| were 
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were as ſimilar as poſſible, and electrified one 
of them, ſo that the balls ſeparated preciſely 6 
lines ; he then touched the top thereof by the 
top of that which was not electrified; in an 
inſtant the electricity was equally divided be- 
tween them, as was evident by the divergence 
of the balls, which was 4 lines in each; con- 
ſequently, a diminution of half the denſity had 
only leſſened the divergence one third. One of 
theſe electrometers was then deprived of it's 
electricity, and was afterwards brought in con- 
tact with the other, as before; the remaining 
electricity divided itſelf again between them, 
and the balls fell from 4 to 28 lines, nearly in 
the ſame proportion as before; in the third ope- 
ration they fell to 19; in the fourth to one, 
where he was obliged to ſtop, as there was not 
now ſufficient force in the fluid to paſs from one 
electrometer to the other, and diſtribute itſelf 
niformly between them. The ſame experi- 
ment repeated ſeveral times, gave very nearly 
the ſame reſults. Negative electricity decreaſed 
alſo in the ſame proportion as the poſitive. The 
following table may therefore be conſidered as 
giving a general, though not exact idea (ay 
apergu) of the increaſe in force, which corre» 
ſponds to different degrees of divergence in the 
balls; it is only calculated to every fourth of a 
Dd 2 | line; 
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line; the force of electricity is always expreſſed 
by whole numbers, as it would be ridiculous to 
put a greater degree of exactneſs in the num- 
bers, than is to be found in the experiments 
which form the baſis of the calculation.” 


Diſtance of the balls Correſponding forces 
in fourths of a line. of electricity. 
I — — I 
2 — — 2 
0 8 3 
4 — — 4 
5 1 5 
1 — 6 
7 6 8 
8 — — 10 
9 — — 12 
10 — — 14 
11 — — 17 
12 — — 20 
13 — — 23 
14 2 26 | 
Diſtance 


M. De Sauſſure, in a long note, anticipates the ob- 
Jeftions that may be made to the foregoing method of eſti- 
mating the force of electriciiy; but as at the moſt they only 
ſhew that this ſcience is at preſent in a ſtate of conſiderable 


imperfection, it will be unneceſſary to take notice of them 


\ 
\ 
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Diſtance of the balls Correſponding forces 


in fourths of a line. ot electricity. 
Is — — 29 
16 — — 32 
17 — — 36 
18 — — 40 
19 — 44 
20 — — 48 
21 — — 52 
22 — — 56 
23 — — 60 
24 — — 64 


Thoſe who are deſirous to carry this meaſure 
of the electric force further, may do it by having 
ſimilar electrometers conſtructed, but made upon 
a larger ſcale, and with heavier balls, which would 
only ſeparate one line, with the degree of electri- 
city that makes the ſmaller ones diverge 6 lines; 
theſe would conſequently meaſure a force 1024 
times greatcr than that which forms the unity 
of the preceding table, and thus by degrees we 
may be enabled to diſcover the ratio of the 
ſtrongeſt diſcharge of a great battery, or per- 
haps even of thunder itſelf, to that of a piece of 
amber, which only attracts a bit of ſtraw.“ 

Dd 3 Another 


* The conſideration of the repulſive force is not ſuffici- 


ent to diſcover the abſolute force of an exploſion, or electrical 
diſcharge, 
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Another alteration of the bottle- electrometer 
'has been lately invented by the Rev. Mr. Ben- 
net, which in point of ſenſibility is far ſuperior 


to any hitherto contrived, 
Deſcription 


diſcharge. For Mr. Volta has ſhewn, that the force of a 
diſcharge depends principally on the quantity of the electric 
fluid which paſſes from one body to another, Now the re- 
pulſive force of the electrometer only indicates the ratio of 
this quantity, in equal and ſimilar bodies, and which are alſo 
ſimilarly fituated, If equal quantities of the electric fluid 
were imparted to two unequal and ſeparate conduQors, the 
electric fluid being leſs condenſed on the largeſt, would 
act with the leaſt force on the cleftrometer ; though it is 
probable, the force of the diſcharge in the two conductors 
would be equal. The repulſive force ſerves, however, to 
ſhew what Mr. Volta calls the electrical capacity of a body, 
the quantity of the electric fluid it actually contains, or is 
capable of containing. To effect this, and have points of 
compariſon, we ſhould uſe light metallic balls, of dißerent 
ſizes, ſufpended by ſilk thread. One of theſe balls, unelectri- 
fied, being brought into contact with the ſubſtance whoſe 
electricity is to be explored, will diminiſh the tenſion, or 
- repulſive force of this ſubſtance; and the quantity diminiſh- 
ed by the contact of the ball, will give the ratio of the 
capacity of this ſubſtance with that of the ball. Let us 
' ſuppoſe a Leyden phial uninſulated, but ſo concealed, that 
only the knob is viſible, and we are therefore ignorant of 
it's ſize, and the ſtrength of the ſhock it will give, Let the 
top of M. De Sauſſure's elettrometer be in contact with 
the knob of the bottle, and the balls of the electrometer 
leparate 6 lines; from this ſolitary fact, we ſhall gain no 

| | inſorma- 
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Deſcription of the Rev. Mr. Bexxert's Gold Leaf 
Eledtrome ler,“ fig. 10, pl. I. 


The foot may be made of metal or wood, and 
about three inches high, that there may be con- 
venient room to handle the inſtrument, with- 
out touching the glaſs. 

The cylindrical glaſs, in which the gold leaf 
ts ſuſpended, may be about five inches high, 
and two inches diameter. 

The cap is made of metal, and flat on the top, 
that the various ſubltances whoſe electricity is 
to be examined may be conveniently placed 
upon it. 

The diameter of the cap is about an inch 
more than that of the glaſs, and it's rim is about 
an inch deep, hanging parallel to the glaſs to 
keep it clean and dry: within this is another 

s D d 4 circular 


information relative to the force cf the ſhock ; becauſe, if 
the jar is very large, this degree of tenſion will give a very 
painful ſenſation; when, if it is very ſmall, with the ſame 
indicated tenſion, the ſenſation may be almoſt imperceptible. 
But if I bring a ball, of a foot diameter, in contact with the 
knob of the bottle, and after having thus taken a part of the 
fluid therefrom, the electrometer is again put in contact with 


the knob thereof, the remaining quantity of repulſive force 
will ſhew the relation between it's contents and that of the 
globe of metal, and by this means the inte ty of it's charge. 

See his very valuable work, entit ed, © New Exper: 
ments cn Llcaricit\ ,” | 


£# 
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Circular rim, about half as broad as the other, 
made to go over or within the glaſs, and is 
therefore lined or covered with leather, or other 
ſoft ſubſtance, to make it ſit cloſe; and thus 
the cap may be caſily taken off to repair any 
accident happening to the gold leaf. Within 
this rim, and in the center of the cap, a tube 
is fixed, wherein the peg is placed, To the 
peg, which is made round at one end and flat 
at the other, two flips of gold leaf are faſtened 
with paſte, gum-water, or varniſh. 

If gold leaf be uſed, it may be ſhorter than 
filver leaf. The gold is the moſt ſenſible, but 
the ſlver is eaſier to cut, and leſs liable to be 
torn: >y any accident. 

Two pieces of poliſhed tin-foil are faſtened 
with varniſh on oppoſite tides of the internal 
ſurface; where the gold leaf may be expected 
to ſtrike, and arc connected with the foot of the 
clectrometer. Iheſe (lips not only carry off the 
ſuperfluous clectricity, but {ſerve other impor- 
tant purpoles, 

The upper end of the glaſs is covered and 
lincd with ſealing-wax, as low at leaſt as the 
outer rim, to render it's inſulation more perfect. 

The following experiments ſhew the great 
ſenſibility of this little inſtrument. 

1. Powdered chalk was put into a bellows, 
and blown upon the cap; it was electrified po- 

| | ſitively 
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fitively by the ſtream of chalk, when the nozzle 
of the bellows was only 6 inches diſtant from 
the cap; but the ſame ſtrean clectrified it ne- 
gatively at the diſtance of three feet. In this 
experiment, the quality of the electricity is 
changed from politive to negative, by diſperſ- 
ing or widening tie ſtream, and making it paſs 
through a longer tract of air; it is alſo changed 
by paſſing the ſtream through a bunch of fine 
wires, lilks, or feathers placed upon the nozzle 
of the bellows; it is negative when blown from 
a pair of bellows, the iron pipe being taken off 
to enlarge the ſtream. This laſt experiment 
ſeems to anſwer beſt in damp weather. The 
politive electricity generally remains, but in the 
negative the leaf gold collapſes as ſoon as the 
cloud of chalk is paſſed. 

2. A piece of chalk drawn over a bruſh, or 
powdered chalk put into a bruſh and projected 
on the cover, electrified it negatively, The 
electricity was not permanent, 

3. Powdered chalk blown (with the mouth, 
or a pair of bellows,) fig. 19, pl. I. from a 
plate placed upon the cover, gave a permanent 
poſitive electricity. If a brufh is placed upon 
the cover, and a piece of chalk is drawn over 
it, when the hand is withdrawn, the leaf gold 
gradually expands with poſitive electricity, as 


the cloud of chalk diſperſes. 
4 Pow - 
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4. Powdered chalk falling from one plate to 
another, placed on the inſtrument, electrified it 
negatively. Many other experiments have been 
tried, as projecting it from a gooſe wing, chalk. 
ing the edges of a book, &c. The inſtrument 
being placed in a duſty road, the duſt ſtruck up 
with a ſtick near it, electrified it poſitively ; 
wheat flour and red lead gave a ſtrong negative 
electricity, in all caſes where the chalk gave a 
poſitive. 

5. Place a metal cup upon the cap with a 
red hot coal in it, fig. 20, pl. I. a ſpoonful of 
water thrown upon the coal electrifies the cup 
negatively. If a bent wire be placed upon the 
cover, with a piece of paper faſtened to it, to 
increaſe it's ſurface, it will exhibit the poſitive 
electricity of the aſcending vapour, when intro- 
duced into it. The electricity of rain may pro- 
bably be illuſtrated by pouring water on hot 
coals placed in an inſulated cullender; the 
aſcending vapour is poſitive, the * 
drops are negative. 

6. The ſenſibility of this inſtrument may be 
increaſed, by placing a candle upon the cap; 
by this means a cloud of chalk, which would but 
Juſt open the leaf gold before, will cauſe them 
ro ſt: tke the ſides for a long time together, and 


the elcQricity | is now communicated ſo ſtrong, 
that 
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that the leaves will be repelled by a ſtick of 
excited wax at 10 or 12 inches diſtance. A 
cloud of chalk made in one room will electrify 
this inſtrument, brought from another room, 
and at a conſiderable diſtance. | 

A thunder cloud paſſing over the inſtrument, 
cauſed the leaf gold to ſtrike the ſides at every 
flaſh of lightning. No ſenſible electricity has 
been diſcovercd by it on the exploſion of gun- 
powder, or the projection of ſmoke, or flame 
over it. 

Excited ſealing- wax will oſten make the leaf 
gold ſtrike the ſides of the glaſs more than 12 
times; when the ſealing-wax recedes, it will 
flrike it again, nearly the ſame number of times; 
but if the approach is quicker than the receſ- 
ſion, the number of times will ſometimes be 
greater. | 

If a ſmall lantern, with a candle in it, be 
placed upon the cap of the electrometer, and 
expoſed to the air in an open place, or not too 
near high buildings or trees, it ſeldom fails to 
render the atmoſpheric electricity very ſenſible. 

If the electrometer be charged with a ſmall 
quantity of electricity, and the ſharpeſt pointed 
ncedle, or edge of a razor, be brought within 
the leaſt viſible diſtance towards the cap, it will 
not draw off the electricity, but flame draws it 
off at a conſiderable diflance. 


The 
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The laſt experiment ſhews that arp poinis, 
or edges, need not be avoided in the conftruc- 
tion of this inſtrument, or of the doubler to be 
ſpoken of hereafter, or atmoſpheric apparatus; 
and that flame is better than a poinied wire for the 
purpoſe of collefJing atmoſpheric eltflricity. 

A ſmall pm was faſtened upon the end of a 
ſtick of ſealing-wax, and charged with eleari- 
city, which was communicated from the pin ta 
a metallic infulated conductor, 1 5 inches in dia- 
meter, and 7 fect long; whoſe ſurface was there- 
fore prodigiouſly larger than that of the pin, 
yet it's electricity cauſed a very ſenſible diver- 
gency of the gold leaf: thus not only ſhewing 
the ſenuſibilily of the clectrometer, but the ama- 
zing divjſibilily and expan/ibility of this wonder- | 
ful fluid. | 

Beſides the method of diſcovering ſmall quan- 
titics of electricity by means of very delicate 
electrometers, two methods have been commu- 
nicated to the philoſophical world, by which 
| ſuch quantities of electricity may be rendered 
manifeſt as could not be perceived by other 
means. The firſt of theſe methods is an inven- 
tion of Mr, Volta, called the condenſer of elec- 
tricity; the ſecond is an invention of the Rev, 
Mr. Bennet, called the doubler of eleftricily. 
Mr. Volta's condenſer, which has been already 

To . defcribed 
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deſcribed in his own words, conſiſts of a large 
ſmooth metal plate, furniſhed with an inſulating 
handle, and a ſemi-conducting, or imperfect in- 
ſulating plane. 

To examine a weak electricity with this ap- 
paratus, as that of the air in calm and hot wea- 
ther, which is generally too weak to be ren- 
dered ſenſible by an electrometer, place the 
metal plate upon the ſemi- conducting plane, 
letting a wire, or ſome other conducting ſub- 
ſtance, be connetted with the metal plate, and 
extended in the open air, to abſorb it's electrĩ- 
city; then, after a certain time, the metal plate 
muſt be ſeparated from the ſame conducting 
plane, and being preſented to an electrometer, 
will electrify it more than if it had not been 
placed on ſuch a plane; and this, becauſe the 
metal plate, while ſtanding. contiguous to the 
ſemi- conducting plane, will abſorb and retain 
a much greater quantity of electricity than it 
could cither abſorb or retain when ſeparate. 

' The office of this apparalus is not to manifeft 4 
ſmall quantity of electricily, but to condenſe an ex- 
panded quantity inlo a Lon pace. But Mr. 
Bennet's doubler is deſigned to multiply, by 
repeatedly doubling a ſmall, and otherwiſe 
unperceivable quantity of elearicity, till it 
become ſufficient to affect an electrometer and 
give ſmall ſparks. 


Nichor- 


* 


ö 
| 
| 
| 
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NicuoLis0N's Doubler. 


Plate I. fig. 9, repreſents the apparatus, ſup- 
ported on a glaſs pillar 64 inches long. It con- 
fiſts of the following parts: two fixed plates of 
braſs, A and C, are ſeparately inſulated, and 
diſpoſed in the ſame plane, ſo that a revolving 
plate B may paſs very near them, without 
touching. Each of theſe plates is two inches 
in diameter; and they have adjuſting pieces be- 
hind, which ſerve to place them accurately in the 
required poſition. D is a braſs ball, likewiſe of 
two inches diameter, fixed on the extremity of 


an axis that carries the plate B. Beſides the 


more eſſential purpoſe this ball is intended to 
anſwer, it is ſo loaded within, on one ſide, that 
it ſerves as a counterpoiſe to the revolving plate, 
and enables the axis to remain at reſt in any 
poſition. The other parts may be diſtinctly 
ſeen in fig. 2. The ſhaded parts repreſent me- 
tal, and the white repreſent varniſhed glaſs. 
ON is a braſs axis, paſſing through the piece 
M, which laſt ſuſtains the plates A and C. At 
one extremity is the ball D already mentioned ; 
and the other is prolonged by the addition of 
a glaſs ſtick, which ſuſtains the handle L, and 
the piece GH, ſeparately inſulated. E, F, are 
pins riſing out of the fixed plates A and C, at 
unequal. 


* 
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unequal diſtances from the axis. The croſs 
piece G H, and the piece K, lie in one plane, 
and have their ends armed with ſmall pieces of 
harpſichord-wire, that they may perfectly touch 
the pins E F in certain points of the revolution. 
There is likewiſe a pin I, in the piece M, which 
intercepts a ſmall wire procceding from the te- 
volving plate B. 

The touching wires are ſo adjuſted, by bend- 
ing, that when the revolving plate B is imme- 
diately oppoſite the fixed plate A, the croſs-picce 
G H connects the two fixed plates, at the ſame 
time that the wire and pin at I form a commu- 
nication between the revolving plate and the 
ball. On the other hand, when the revolving 
plate is immediately oppoſite the fixed plate C, 
the balls become connected with this laſt plate, 
by the touching of the picce K againſt F; the 
two plates, A and B, having then no connection 
with any part of the apparatus. In every other 
poſition, the three plates and the ball will be 
perfectly unconnected with each other. 

When the plates A and B are oppoſite to each 
other, the two fixed plates A and C may be con- 
ſidered as one maſs; and the revolving plate B, 
together with the ball D, will conſtitute another 
maſs. All the experiments yet made concur to 
prove, that theſe two maſſes will not poſſeſs 

| the 
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the ſame electric ſtate ; but that, with reſpect 

to each other, their electricities will be plus and 
minus. Theſe ſtates would be ſimple and with- 
out any communication, if the maſſes were re- 
mote from each other; but as that 1s not the 
caſe, a part of the redundant electricity will 
take the form of a charge in the oppoſed plates 
A and B. From other experiments, I find that 
the effect of the compenſation on plates oppoſed 
to each other, at the diſtance of one forticth 
part of an inch, is ſuch that they require, to 
produce a given intenſity, at leaſt one hundred 
times the quantity of electricity that would have 
produced it in cither, ſingly and apart. The 
redundant electricities in the maſſes under con- 
ſideration will therefore be unequally diſtribu- 
ted: the plate A will have about ninety-nine 
parts, and the plate C one; and, for the ſame 
reaſon, the revolving plate B will have ninety. 
nine parts of the oppoſite electricity, and 
the ball D one. The rotation, by deſtroying 
the contacts, preſerves this unequal diſtribu- 
tion, and carries B from A to C, at the ſame 
time that the tail K connects the ball with the 
plate C. In this ſituation, the electricity in B 
acts upon that in C, and produces the contrary 
ſtate, by virtue of the communication between 


C and the ball; which laſt muſt therefore ac. 
quire 
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quire an electricity of the fame kind with that 
of the revolving plate. But the rotation again 
deſtroys the contaR, and reſtores B to it's firſt 
ſituation oppoſite A. Here, if we attend to the 
effect of the whole revolution, we ſhall find that 
the electric ſtates of the reſpective maſſes have 
been greatly increaſed : for the ninety-nine parts 
in B remain, and the one part of electrieity in 
C has been increaſed. fo as nearly to compen- 
fate ninety-nine parts of the oppoſite electri- 
City in the revolving plate B, while the commu- 
nication produced an equal mutation in the elec- 
tricity of the ball. A fecond rotation will, of 
courſe, produce a proportional augmentation of 
theſe increaſed quantities; and a continuance of 
turning will ſoon bring the intenſities ro theix 
maximum, which is limited by an exploſion be- 
tween the plates. 

It one of the parts be connected with an elec- 
trometer, more eſpecially that of Bennet, theſe 
effects will be very elearly ſeen. The ſpark is 
uſually produced by a number of turns between 
eleven and twenty; and the electrometer is ſen- 
ſibly acted upon by ſtill fewer. When one of 
the parts is occaſionally connected with the 
earth, or when the adjuſtment of the plates is 
altered; there are ſome variations in the effects, 
not difficult to be reduced to the general prin- 
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ciples, but ſufficiently curious to excite the me- 
ditations of perſons the moſt experienced in this 
branch of natural philoſophy. An attention to 
brevity, however, renders it neceſſary to forbear 
enlarging upon them. If the ball be, connected 
with the lower part of Bennet's clectromcter, 
and the plate A with the upper part, and any 
weak electricity be communicated to the elec- 
trometer, while the poſition of the apparatus 
is ſuch that the croſs- piece G H touches the 
two pins; a very few turns will render it per- 
ceptible. But here, as well as in the common 
doubler, the effect is rendered uncertain by the 
condition, that the communicated electricity 
muſt be ſtrong enough to deſtroy and predomi- 
nate over any other electricity the plates may 
poſſeſs. I ſcarcely need obſerve, that if this 
difficulty ſhould hereafter be removed, the in- 
ſtrument will have great advantages as a multi- 
plier of electricity in the facility of it's uſe, the 
very ſpeedy manner of it's operation, and the 
unequivocal nature of it's reſults, 


Of Mr. Brooke's Elefrometer for charged Fars 
and Batteries.* | 


This article might have been introduced with 
greater 


* Brooke's Miſcellaneous Experiments and Obferva- 
tions on Electricity. 
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greater propriety in the beginning of this Work, 
but as the plate was then altering, to render the 
drawing contormable to that given by Mr. 
Brooke himſelt, I choſe rather to poſtpone it 
till the plate was finiſhed, 

An accurate admeaſurement of the quantities 
of electricity is among the deſiderata in this 
branch of philoſophy, and as the electrometers 
which have. heretofore been invented have in 
that reſpect been found deficient, Mr. Brooke 
has endeavoured to ſupply this deficiency by a 
new inſtrument, 

Fig. 96, pl. V. exhibits the electrometer in 
miniature, as it appears when it is ready to be 
uſed. 

Fig. 96, B, pl. V. is an arm, the ball of 
which is to be laid to make a communication 
with a battery. 

Fig. 97, pl. V. is the lower part of the elec- 
trometer, ſeparate from the upper part. 

The arms F H, fk, fig. 97, pl. V. are, when 
in uſe, to be placed as much as poſſible out of 
the atmoſphere of a jar, battery, &c. 

The dial plate, fig. 96, is divided into 90 
equal parts; the index of this plate is carried 
once round when the arm B C has ' meved 
through go degrees, or a quarter of a circle. 
That motion is given to the index by the repul- 
| Ee 2 ſive 
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five power of the charge acting between the ball 
D and the ball B.“ 

The arm B C being repelled, ſhews when 
the charge is increaſing, and the arm FH fhews 
what this repulſive power is between two balls of 
this ſize in grains, according to the number the 
weight reſts at when lifted up by the repulſive 
power of the charge: at the ſame time the arm 
| BC points out the number of degrees to which 
the ball B is repelled ; ſo that by repeated trials, 
the number of degrees, anſwering to a given 
number of grains, may be aſcertained, and a 
table formed from theſe experiments, by which 
means the eleftrometer, fig. 96, may be uſed 
without that of fig. 97. 

Mr. Brooke thinks that no glaſs, charged (as- 
we call it) with electricity, will bear a greater 
force, than that whoſe repulſive power, between 
two balls of the ſize he uſed, is equal to ſixty 
grains; that in very few inſtances it will ſtand 
fixty grains weight; and he thinks it hazard- 
ous to go more than forty- five grains. 

Hence, by knowing the quantity of coated 
furface, and the diamcter of the balls, we may 
be enabled to ſay, ſo much coated ſurface, with 
a repulſion between balls of ſo many grains, will 
melt a wire of ſuch a ſize, or kill ſuch an ani» 


mal, &c. a 
x Mr. 
* Phil, Tranſ. vol. 82, p. 384. 
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Mr. Brooke alſo thinks, that he is not ac- 
quainted with all the advantages of this electro- 
meter ; but thar it is clear, it ſpeaks a language 
which may be univerſally underſtood, which no 
other will do; for though other electrometers 
will ſhew whether a charge is greater or leſs, by 
an index being repelled to greater or ſmaller 
diftances, or by the charge exploding at differ- 
ent diſtances, yet the power of the charge is by 


no means aſcertained : but this eleAtrometer 


ſhews the force of the repulſive power in grains; 
and the accuracy of the inſtrument is eaſily 
proved, by placing the weights on the internal 
ball, and ſeeing that they coincide with the di- 
viſions on the arm FH, when the flide is re- 
moved to them, | 
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G3 AF, . 


Or ATMOSPHERICAL ELECTRICITY. 


T is now univerſally acknowledged by every 
A philoſopher, that the electric fluid is diſſemi- 
nated through the whole atmoſphere: it is alſo 
known, that the motion of this fluid is reſtrained 
when it acts in denſe air, but it moves with the 
greateſt liberty in a vacuum or rarified air, as in 
an exhauſted receiver. Therefore at a great 
height, where the air is cqually, if not more ra- 
rificd than in our reccivers, it's motion muſt be 
excccding free, and hence capable of the greateſt 
effects: becauſe it can be moved from one place 
to another with extreme caſe and rapidity, and 
in great quantities; and it, as many philoſo- 
phers believe, the electric fluid is that ether or 
ſubtil matter which: fills the intervals between 
the planets, how great muſt be the force of an 
agent which fills theſe immenſe ſpaces ! Be this 
as it will, we know that the upper ſtrata of air 
are filled with this fluid, and that it moves there 
freely. 

Again, we know that water, whether in ſub. 
ſtance or in vapour, is a conductor of electricity ; 
that in proportion as air is loaded with it, it 


reſiſts 
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reſiſts leſs the motion and diſſuſion of the elec- 
tric fluid: conſequently, if vapour riſes to a 
great height, it becomes a conductor and canal 
of communication between this immenſe reſer- 
voir, this occan of free electric fluid, and the 
entire maſs of our globe. If then this fluid is 
more reſtrained at one part of our globe, than it 
is in correſponding parts of the higher regions, 
the vapours will be the medium to reftore the 
equilibrium. But this equilibrium will not laſt 
long, for it is natural to ſuppoſe this immenſe 
fluid ſubject to a flux and reflux, currents, &c. 
which will alter it's local denfity. Thus alſo 
this fluid, which is contained in our globe, can- 
not be long uniformly ſpread through. it's maſs, 
as there are ten thoutand agents, which will 
either accumulate or rariiy it: conſequently va- 
pour will ſcarce ever riſe without ſerving as a 
vehicle to maintain the equilibrium between our 
globe and the fluid in the higher regions of the 
atmoſphere. 

This theory is ſo natural a conſequence of the 
moſt immediate and certain principles of elec- 
tricity, that it ſeems almoſt ſuperfluous to con- 
firm it by the phænomena which it explains. It 
is the only one that accounts for the following 
fact, that vapours never riſe to a great height 
without producing the moſt terrible meteors, 

EC: All 
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All conſiderable volcanic productions are accom- 
panied with lightning. The fire which riſes 


. from the earth ſeems to light that of heaven. 


The column of vapour which proceeds from the- 
bowels of a volcano is continually traverſed by 
lightning,* which ſometimes ſeems to proceed 
from the higher regions, ſometimes from the 
column itſelf. Hail, which neceſſarily ſuppoſes 
the aſcenſion of vapour to a conſiderable height, 
is always accompanied with electricity. The 
aurora borealis is alſo electrical; it's light ſeems 
to be produced by the electric fluid, at the in- 
ſtant it is condenſed in paſſing in the columns 
of clevated vapour. i 
Waterſpouts, whirlwinds, and even carth- 
quakes, are in a great meaſure the effects of tor- 
rents of the electric matter, attracted from the 
higher regions by torrents of vapour. In a 
word, can the electricity of the clouds be attri- 
buted to a more natural or probable cauſe ? f 
For the ſubject of this chapter we are prin- 
cipally indebted to P. Beccaria, who has for 
many years accurately obſerved the various 
changes in the electricity of the atmoſphere, 
and 


* Tie younger Pliny obſerved theſe lightnings in the 
eruption which killed his uncle. Sir William Hamilton 
has alſo oblerved them ſeveral times, | 

} Saufſure's Eflais fur ' Hygrometrie, P. 278: 
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and their relation to the other phænomena of 
the weather. His apparatus was admirably well 
adapted for this purpoſe, and ſuperior to any 
thing that we are at preſent acquainted with, 
for intimating eaſily and at all times the elec- 
tricity of the air. It not being at firſt ſuſpected, 
that electricity was fo intimately blended with 
every operation. of nature, as it is now known 
to be, the labourers in this part are of courſe 
very few; the principal are P. Beccaria, Mr. 
Ronayne, and Mr. Cavallo. 

I have extracted and methodized the reſults 
of the obſervations made by P. Beccaria, intro- 
ducing occaſionally thoſe made by others, that 
the reader might be in poſſeſſion of the moſt 
material facts, and excited to inveſtigate and 
purſue with attention this delicate and impor- 
tant ſubject; for, indeed, little certainty can be 
expected from any ſyſtem of meteorology, where 
the action of the principal agent is not particu- 
larly conſidered and attended to. 

The apparatus uſed by P, Beccaria, for in- 
veſtigating the electricity of the atmoſphere, 
was an iron wire, which he terms an exploring 
wire, one hundred and thirty-two feet long. It 
was fixed at one end to a pole raiſed over the 
chimney, the other end was faſtened to the top 
pf a cherry-tree, The extremities of the wire 
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were inſulated, and covered with a ſmall um- 
brella of tin. Another wire v. as brought from 
this, (through a thick glaſs tube, coated with 
fealing-wax) into the room ; by which means, 
continual information of the ſlate of the electri- 
city in the explorirg wire was obtained. He 


connected with this wire a ſmall ſiip of metal, 
en each {ide of which was a ſmall pith ball, one 


line diameter; the balls were ſuſpended by ſilk 


threads, ſixteen lines long. 
Air-balloons will probably enable us to dif. 


cover with certainty the electricity of the diffe- 
rent ſ(rata of the atmoſphere, Mr. de Sauſſure 


has already made the experiment with a balloon 
made of taflety, containing two hundred cubic 
feet of air, and which was raiſed by the heat 


from the flame of ſpirit of wine; with this, in 


cloudy but calm weather, he obtained a ſtrong 
poſitive electricity.“ 

The electricity, in ſerene weather, generally 
makes each of the balls diverge about fix lines; 
when it is very ſtrong, they will diverge fifteen 
or twenty degrees from the metal plate ; when 
weak, the divergence is very ſmall. 

In ſerene weather, the wire, after being 


touched, will take a minute or longer before it 
again 


„ Faujas de St, Fond, Deſcription des Experiences 


Aeroſtatiques, tom. II. P. 271, 
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again ſhews ſigns of electricity ; though, at other 
times, it will become electrified in the ſpace of 
a ſecond. 

The electricity during ſerene weather is always 
poſitive. There are few inſtances in which it is 
negative, and then it is brought over by the 
wind from ſome part of the atmoſphere, (per- 
haps very diſtant from the place of obſervation, ) 
where there is cither fog, ſnow, rain, or clouds. 
The whole ſeries of obſervations, which P. Bec- 
caria has made, confirms this poſition. He 
ſeems to have met with only three or four in- 
ſtances to the contrary. 

Dr. Franklin has obſerved, that the clouds 
are ſometimes negative, which is certainly true: 
becauſe they will at times abſorb, at and through 
the apparatus, a large and full bottle of poſitive 
electricity, of which the apparatus could not 
have received and retained the hundredth part. 
And it is eaſy to conceive, how a ſtrongly 
charged large poſitive cloud may reduce 2 
clouds to a negative ſtate. 

The electricity of the atmoſphere is very much 
connected with the ſtate of the air, as to moiſture 
and dryncſs; ſo that ĩt is neceſſary to attend to 
the hygrometer, in order to form a proper judg- 
ment of the different degrees of electricity at 


different 
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different times. That invented by Mr. Coven« 
try, which is made of hatters' paper, will an- 
ſwer beſt; it is very ſenſible, abſorbs moiſture 
ſoon, and parts with it eaſily. Comparative 
obſcrvations may alſo be made with it. It is 
alſo neceflary to place a thermometer near the 
hygrometer, to aſcertain what quantity of moiſ- 
ture the air can keep in ſolution with a given 
degree of heat: though this object will more 
probably be obtained by obſerving accurately 
the quantity of moiſture evaporated from a given 
ſurface at different times. It is alſo to be ob- 
ſerved, that the different degrees of denſity in 
the air will affect the quantity of moiſture which 
is retained in the air. 

The moiſture in the air is the conſtant con- 
ductor of the atmoſpheric electricity during 
clear weather; and the quantity of electricity is 
propottioned to the quantity of moiſture which 
ſurrounds the exploring wire; except there is 
ſo much as to leſſen the exactneſs of the inſu- 
lation of the wire and of the atmoſphere. In 
a dry ſtare of the air, it will ſometimes be above 
a minute before the balls will manifeſt any elec- 
tricity after the wire has been touched ; though 
in a damper ſtate, a ſecond will ſcarce elapſe 
before rapid oſcillations of the balls may be ob- 

| ſerved 
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ſerved between the finger and the plate of braſs 
to which they are affixed.* 

The electricity, when the weather clears up, 
is always poſitive. When the weather is clearing 
up, and becomes dry quickly, the electricity 
riſes to a great degree of intenſity, and affords 
frequent opportunities for repeating the obſer. 
vations. It ſometimes happens, that the elec- 
tricity, cauſed by the clearing up of the wea- 
ther, continues in it's ſtate of intenfity for a 
long while; and alſo, after being interrupted, it 
begins afreſh, Theſe accidents feem to be ow- 
ing to the electricity being brought over by the 
uv ind from great diſtances, 

P. Beccaria ſays, that whenever he obſerved 
that the thick low clouds which were over his 
head began to break, and the rare even clouds, 
which are above the former, became dilated, hat 
the rain ceaſed, and the balls diverged with po- 
fitive electricity, he always wrote down certain 
tendency to clear weather. 


Prior Ceca ſays, that a ſtrong poſitive elec- 
tricity 


* In making obſervations on the electricity of the atmo· 
ſphere in clear weather, it is eſſential to repeat them very 
frequently; i. e. to obſerve the velocity with which the 
electricity riſes after it has been annihilated ; which P. Bec- 
caria generally eſtimated by the number of ſeconds elapſed 
before the balls began to manifeſt their electricity. 
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tricity after rain is an indication that the weather 
will continue fair for ſeveral days. If the elec- 
tricity is weak, it is a ſign that the fair weather 
will not laſt the whole day, but that it will ſoon 
be cloudy, and even rain. 

If, when the ſky grows cloudy over the place 
of obſervation, and a high cloud is formed, 
without any ſecondary clouds under it, and it 
is not an extenſion of a cloud which drops rain 
elſewhere, cither no clectricity takes place, or it 
is poſitive, | 

If the clouds which are gathering are ſhaped 
like locks of wool, and keep moving firſt nearer 
to, and then ſeparating trom each other; or, if 
the general cloud which is forming lies very 
high, and is ſtretched downwards like deſcend- 
ing ſmoke, then poſitive electricity commonly 
takes place, which is more or leſs ſtrong in pro- 
[ portion to the quickneſs with which this cloud 
forms; and it foretels the greater or leſs quan- 
tity and velocity of the rain or ſnow which is to 
follow. 

When a thin, even, and extenſive cloud is 
forming, which darkens the ſky, and turns it 
into a grey colour, a ſtrong and repeated poſi- 
tive electricity takes place; but in proportion 
as the gathering of the cloud ſlackens, this 
electricity leſſens, or even fails. On the con- 


trary, 
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trary, if the rare extenſive cloud is gradually 
formed of ſmaller clouds, like locks of wool, 
which are continually joining to, and parting 
from each other, the poſitive electricity com- 
monly continues. 

Low and thick fogs (eſpecially when as ih 
riſe the air above them is free from moiſture} 
carry up to the exploring wire an electricity 
which will give ſmall ſparks repeatedly, and 
produce a divergence of the balls from 20% to 
259, or even 30®. If the fog grows ſluggiſh, and 
continues round the exploring wire, the electri- 
city ſoon fails; but if it continues to riſe, and 
another cloud ſucceeds, it electrifies again the 
wire, though leſs than before. Sky-rockets ſent 
through ſuch thick, low, and continued fogs, 
often afford ſigns of electricity. P. Beccaria, 
under any one of the circumſtances above de- 
ſcribed, never met with an inſtance of negative 
electricity; except perhaps once, when he ſent 
a ſky-rocket, to which a ſtring was fixed, 
through a low thick fog; though he had aſter- 
wards every rcaſon to think, that he had miſta- 
ken a falſe little ſtar for a true one. 

Mr. Ronayne obſerved, that the air in Ireland 
was generally electrified in a fog, and even in a 
miſt, and that both day and night, but prin- 


cipally in winter; ſeldom in ſummer, except 
from 
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from poſitive clouds, or cool fogs. The electri- 
City of the air in a froſt or fog is always poſitive. 
He ſays, that he has often obſerved, during what 
ſeemed the paſſing of one cloud, ſucceſſive 
changes from negative to poſitive, and from 
poſitive to negative. 

N. B. Moſt fogs have a fmell very like an 
excited glaſs tube. 

Mr. Henley has ſhewn, that fogs are more 
ſtrongly electrified in, or immediately after a 
froſt, than at other times; and that the electri- 
city in fogs is often the ſtrongeſt ſoon after their 
appearance. 

Whenever there appears a thick fog, and at 
the ſame time the air is ſharp and froſty, that 
log is ſtrongly electrified poſitively. 

Though rain 1s not an immediate cauſe, yer 
he is inclined to think, it was always a remote 
conſequenee, of electricity in the atmoſphere ; 
and he generally found, that in two or three days 
after he. had diſcovered the air to be ſtrongly 
elc&rified, we had rain, or other falling wca- 


ther, 

If;-in clear weather, a low cloud, which moves 
flowly and is conſiderably diſtant from any other, 
paſſes qver the wire, the poſitive electricity ge- 
nerally grows very weak, but does not become 
negative ; and when the cloud is gone, it returns 


to 
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to it's former ſtate. When many whitiſh clouds, 
like locks of wool, keep over the wire, ſome- 
times uniting with, and then ſeparating from 
each other, thus forming a body of conſiderable. 
extent, the poſitive electricity commonly in- 
creaſes. In all the above circumſtances the 
poſitive electricity never changes to a negative 
one. 

The clouds which leſſen the electricity of the 
exploring wire are thoſe which move; though 
thoſe that are low ſeem alſo to have the ſame 
effect. 


Of the Diurnal Atmeſpherical Electricity. 


In the morning, when the hygrometer indi- 
cates a degree of dryneſs equal to, or little leſs 
than that of the preceding day, an electricity 
takes place before the ſun riſes ; which is mani- 
feſted by junctions, adheſions, or even a diver- 
gence of the balls, and is proportioned to the 
dryneſs of the air, and the ſmallneſs of it's dif- 
ference from that of the preceding day. If this 
ſtate of dryneſs does not obtain, no diſcernible 
electricity will be perceived before, or even ſor 
a little while after, the riſing of the ſun. As the 
air is generally damp in the night, electricity is 
ſeldom obſerved before the ſun riſes. During 
three 2 obſervations, P. Beccaria found the 

Ff electricity 
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electricity before the ſun roſe only eighteen 
mornings; and from the whole of his numerous 
obſervations it appears, that the appearance of 
electricity in winter before ſun-rife is morc 
frequent than in the ſummer, efpecially if the 
dampneſs from the hoar-froſt is prevented from 
affecting the apparatus. : 

In the morning, as the ſun riſes higher, the 
electricity, whether it began before ſun-riſe or 
only after, gradually increaſes. This gradual 
increaſe of the morning electricity begins ſooner, 
if the hygrometer continues after fun-riſe to 

+ indicate a greater degree of increaſing dryneſs. 
The intenſity and the riſe of the electricity (after 
it has been annihilated by touching the exploring 
wire) laſts in ſerene days, in which no impetu- 
ous wind takes place, and the hygrometer 1s ſta- 
tionary at the higheſt degree it has attained that 
day, till the ſun draws near the place of it's ſet- 
ting. When the fun is near ſetting, and in pro- 
portion as the hygrometer abſorbs the moiſture, 

the intenſity of the daily electricity leſſens. 

Though the hygrometer may indicate equal 
degrees of dryneſs at twelve o'clock, in different 
days, yet the electricity will appear ſooner after 
being deſtroyed on ſome days than on others; 
and this is in a great meaſure proportioned to - 
the increaſe of heat. The electricity moreover 


Com- 
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- comtnences on ſuch days later in the morning, 
and falls ſooner in the evening. 

The friction of winds againſt the ſurface of 
the earth is not the cauſe of atmoſpheric elec- 
tricity. Impetuous winds leſſen the vatenfity 
of the electricity in clear weather. If they are 
damp, they leſſen it's intenſity in proportion to 
the diminution they cauſe in the exactneſs of the 
inſulation both of the wire and atmoſphere. 


Of the Eledricilty produced by the Evening Dew: 


In cold ſeaſons, if the ſky is clear, little winds 
and a great degree of increaſing dryneſs, an 
electricity of conſiderable intenſity ariſes after 
ſun-ſet, as ſoon as the dew begins. The fre- 
quency of ſuch electricity is moreover greater 
than that of the daily electricity, and it vaniſhes 
lowly. 

In temperate or warm ſeaſons, if the ſame 
circumſtances as above take place, an electricity 
entirely ſimilar to the former ariſes as ſoon as the 
ſun has ſet; only it's intenſity is not ſo conſtant; 
it begins with greater rapidity, and ends ſooner. 

If, under the above circumſtances reſpec- 
tively, the general dryneſs of the air happens to 
be leſs, the electricity that riſes in the evening, 
u when the dew begins, is leſs in proportion to the 

diminutions of the exactneſs of the inſulation of 


Ff 2 | both 
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both the exploring wire and the atmoſphere ; 
but correſpondently to the greater quantity of 
dew, the frequency of the electricity is greater. 

The electricity of dew ſeems to depend on the 
quantity of dew, and to follow in it's various 
changes, proportions ſimilar to thoſe which take 
place between the electricity of calm mild rain, 
and that of rainy and ſtormy weather, and varies 
alſo according to the ſeaſons. , 

As rain, ſhowers, the aurora borealis, and 
the zodiacal light, have a tendency to appear 
for ſeveral ſucceſſive days with the ſame charac- 
teriſtic accidents, ſo the electricity of dew ſeems 
to have as it were an inclination to appear for 
ſeveral evenings ſucceſſively with the ſame cha- 
racters. 
: EXPERIMENT CCXXXV111,—Let the air in a 
' well-cloſed room be electrified ; that is to ſay, 
the moiſture and other vapours diffuſed in it: 
"then let a bottle, filled with water colder than 
the air in the room, and inſulated on a tube of 
glaſs, be raiſed pretty high in this room. Care 
' muſt be taken to preſerve the inſulation of the 
glaſs, with warm cloths. The electric ſigns that 
will ariſe in two threads ſuſpended to ſuch 
bottle, will exactly repreſent the electricity of 
'dew; and they will exhibit the different man- 
ner r after which this electricity takes place, ac- 
' cording 


o * 


437- 
cording as the electrified vapours in the room 
are more or leſs rare; as the difference between 

the heat of the air in the room, and that of the 
water in the bottle, is leſs or greater, and the 
inſulation of the bottle is more or leſs exact. 
In a thunder-ſtorm Mr. Ronayne obſerved, 
that the flaſhes would cauſe ſudden changes. 
Sometimes the electricity would be extended, 
ſometimes diminiſhed ; at other times increaſed, 
and ſometimes even changed to the contrary 
again, though none was perceived before; it 
would come on ſuddenly with a flaſh of light- 
ning. A large thunder-cloud, when it darkens 
the hemiſphere, does not produce ſo much elec- 
tricity as a branch of it, or even as a common 
| thower; and a ſtorm does not go in a regular 
current of rhe wind, but obliquely and zig-zag; 
viz. it rains in that region from hende the 
ſtorm i is to proceed, 
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Experiments and Obſervations on — 
Electricity, by Mr. Cavallo. 


| Thelſe were principally made with an elec. 


trical kite, which will collect electricity from 
the air at any time. The power of this inſtru. 
ment reſides in the ſtring. The beſt method of 
making the ſtring is by twiſting two threads of 


common twine with one of that copper thread 
FEY - which 


— 
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which is uſed for trimming : a ſchoolboy's kite 
with this firing anſwers the purpoſe ag well as 
any other. When a kite conſtructed in this 
manner was raiſed, Mr. Cavallo ſays he always 
obſerved the ſtring to give ſigns of electricity, 
except once; the weather was warm, and the 
wind ſo weak, that the kite was raiſed with 
difficulty, and could hardly be kept up for a few 
minutes: afterwards, when the wind increaſed, 
he obtained as uſual a ſtrong poſitive electricity. 

If this kite was raiſed at a time when there 
was any probability of danger from the great 
quantity of electricity, Mr. Cavallo connected 
one end of a chain with the ſtring, and let the 
other end fall on the ground, and placed him- 
ſelf alſo on an inſulating ſtool. Except the kite 
is raiſed in a thunder-ſtorm, there is no great 
danger that the operator will receive a ſhock. 
Although he raiſed his kite hundreds of times 
without any precaution whatever, he ſeldom | 
received eyen a few ſlight ſhocks in the arms. 
Bur i it is not adviſeable to raiſe it while ſtormy 
clouds are over head. This is alſo leſs neceſſary, 
as the electricity of the atmoſphere may then 
be eaſily obſerved by other means. 

When the kite was raiſed, he often introduced 
the firing through a window into a room of the 
houſe, and faſtened it by a ſtrong ſilk lace to a 
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heavy chair in the room. Fig. 78, A B repre- 
ſents part of the ſtring of the kite which comes 
within the room, C the filk lace, DE a ſmall 
prime conductor, which, by means of a ſmall 
wire, is connected with the ſtring of the kite; F 
a quadrant electrometer, fixed upon an inſulating 
ſtand, and placed near the prime conductor; G 
a glaſs tube about 18 inches long, gn a ball and 
wire of braſs, which are fixed to the glaſs tube. 
This ſmall inſtrument is uſeful to determine the 
quality of the electricity, when it is not ſafe to 
come near the ſtring. This is effected by touch- 
ing the ſtring with the wire, which takes a ſuffi- 
cient quantity from it to aſcertain thereby the 
quality of the electricity, either by the attraction 
and repulſion of light balls, or the appearances 
of the electric light: or it may be aſcertained 
by a Leyden phial, which will retain a charge 
for a conſiderable time; and then the kite need 
not be kept up any longer than is neceſſary to 
charge the phial, by which the quality will be 
{hewn even at ſome days diſtance, 
If a charged phial is carefully kept from any 
of thoſe means by which it is known to be diſ- 
charged, it will retain it's charge for a long time, 
On this principle the above-mentioned phial is 
conſtructed ; the bottle is coated in the uſual 
manner ; the uncoated part of the glaſs is co- 
vered with wax, or clſe well varniſhed; a glaſs 
Ff 4 | tube, 
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tube, which is open at both ends, is cemented 
into the neck of this phial, having a piece of 
tin-foil connected with it's loweſt extremity, 
which touches the infide non- electric coating. 

A glaſs handle is fixed to the ball on the wire 
which paſſes into the foregoing glaſs tube; the 
wire is of a proper length to touch the tin- foil 
which is at the bottom of the tube. Charge this 
bottle in the uſual manner, and then take out the 
wire from the glaſs tube by means of the glaſs 
handle. This may be done without diſcharging 
the phial; and, as the fire cannot now eſcape 
eaſily, the charge of a phial may be preſerved | 
for many weeks. 
Fig. 80 repreſents a very ſimple inſtrument 
(contrived by Mr. Cavallo) for making experi- 
ments on the electricity of the atmoſphere, and 
which, on ſeveral accounts, appears to be the 
beſt for the purpoſe. AB is a common jointed 
fiſhing-rod, without the laſt or ſmalleſt joint : 
from the extremity of this rod proceeds a ſmall 
glaſs tube C, covered with ſealing-wax, a cork 
D is fixed at the end of it, from which an elec- 
trometer with pith balls is ſuſpended. H G1 
is a piece of twine faſtened to the other extre- 
mity of the rod, and ſupported at G by a ſmall 
ſtring FG. At the end of the twine T a pin is 
faſtened, which, when puſhed into the cork D, 
renders the electrometer E uninſulated. When 
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the electricity of the atmoſphere is obſerved with 
this inſtrument, thruſt the pin T into the cork 
D, and hold the rod by the lower end A; place 
it out of a window at the upper part of the 
houſe, raiſing the end of the rod with the elec- 
rrometer, ſo as to make an angle of 50 or 60 
degrees with the horizon. Keep the inſtrument 
in this ſituation for a few ſeconds, then pull the 
twine at H, and the pin will be diſengaged from 
the cork D; which operation cauſes the ſtring 
to drop in the dotted ſituation K L, and leaves 
the electrometer inſulated, and electrified with 
an electricity contrary to that of the atmoſphere. 
This being done, you may draw the elc&rometer 
into the room, and examine the quality of the 
electricity, without obſtruction either from wind 


or darknels. 
The aurora borealis ſeems not to affect the 


electricity of. the kite. 

The electrical ſpark taken from the ring 
of the kite, or from any inſulated conductor 
connected with it, eſpecially when it does not 
rain, is ſeldom longer than a quarter of an inch, 
but it is exceedingly pungent. When the index 
of the electrometer is not higher than 209, the 
perſon who takes the ſpark will feel the effects 
of it in his legs; it appears more like the diſ- 
charge of an electric jar, than the ſpark taken 

| from 
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from-the prime conductor of an electrical ma- 
chine. 

The electricity of the kite is in general 
ſtronger or weaker, according as the ſtring is 
longer or ſnorter; but it does not keep any exact 
proportion to it. For inſtance; the electricity 
brought down by a ſtring of an hundred yards 
may raiſe the index of the electrometer to 209, 
when with double that length of ſtring the index 
of the eledtrometer will not go higher than 25. 

When the weather is damp, and the elec- 
tricity is pretty ſtrong, the index of the electro- 
meter, after taking a ſpark from the ſtring, or 
preſenting the knob of a coated phial to it, riſes 
ſurpriſingly quick to it's uſual place, but in dry 
or warm weather it riſes exceedingly ſlow, 

It appears, from the obſervations which have 
been made on the electricity of the atmoſphere, 
that nature makes great uſe of this fluid in 11 
moting vegetation. 

1. In the ſpring, when plants begin to grow, 
then temporary electrical clouds begin to ap- 


pear, and pour forth electric rain. The elec- 


tricity of the clouds and of the rain continues to 
increaſe, till that part of the autumn in which 

the laſt fruits are gathered. 
2. It is this fluid which ſupplies common 
fire with that moiſture, by the help of which it 
actuates 
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actuates and animates vegetation : it is the agent 
that collects the vapours, forms the clouds, and 
is then employed to diſorder and diſſipate them 
in rain. | 
3. From the ſame principle may be explained 
the proverb, that No watering gives the country ſo 
ſmiling @ look as rain. The clouds of rain, by 
extending their electric atmoſphere to the plants, 
diſpoſe the pores of the latter to receive with 
greater facility the water which is impregnated 
with this penetrating and dilating fluid. Beſides, 
it 1s natural to ſuppoſe, that the poſitive electri- 
city, which confinually prevails in ſerene weather, 
will contribute to promote vegetation, ſince this 
has been found to be the effect of even artificial 
electricity. 


Of the Inperfectious of Meteorology, ſo long as 
Barometrical, Thermometrical, and Hygromeiri- 
cal Obfervations are not accompanied with the 
regular Obſervation of the Electricity of the At- 
moſphere, of the Elefricity of Rain, Snow, 0 
Miſts, and aqueous Mqyteors in general. Ay 
Mr. AcyaRD. 


As it is now clearly aſcertained, that electri- 
city is a cauſe of various meteorological phæno- 
mena, it js rather ſurpriſing that philoſophers 

| |; | have 
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have not perceived the abſolute neceſſity of 
Joining an inſtrument, by which obſervations 
may be made on the electricity of the atmoſphere, 
to. thoſe which indicate it's * heat, and 

humidity. | 
Without conſidering in this place the different 
proofs of the influence of electricity on meteors, 
it will be ſufficient to remark, that we cannot 
attain to an adequate knowledge of any phæno- 
mena, occaſioned by the concurrence of various 
cauſes, without being acquainted with them 
all; for if any one is neglected, it will be abſo- 
lutely impoſſible thoroughly to explain the 
phænomena. If electricity is not the ſole cauſe 
ef ſeveral meteorological appearances, jt is 
undoubtedly concerned more or leſs in their 
formation; ſo that by neglecting to obſerve it, 
as well as the barometer, &c. we loſe the fruits 
of other, even very exact, mo ob- 
ſervations. , | 
The influence of electricity on vegetation is 
proved by a ſet of obſervations made by different 
philoſophers; but it evidently appears, that the 
botanical meteorological obſervations alone will 
never be ſo uſeful as might be expected, till we 
unite thoſe made by an inſtrument which will 
indicate the electric ſtate of the atmoſphere, to 
thoſe made with other inſtruments. It is owing 
| to 
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to this cauſe, perhaps, that it is impoſſible to 
draw any concluſion from the botanical meteoro- 
logical obſervations of Meſſrs. Gautier and 
Duhamel, which were continued from 1751 to 
1769. : 5 | ry 

Mr. Achard has had an opportunity of making 

a few obſervations, but they were ſufficient to 
convince him of the intimate connection that 
ſubfiſts between the formation of the moſt part of 
meteors, and atmoſpherical electricity. 
Io diſcover if the atmoſphere was electrical, 
he made uſe of a pair of light pith balls, which 
were attached to a reſinous rod. This electro- 
meter, from it's ſimplicity, is almoſt preferable 
to any other for merely difcovering that clectrt- 
* exiſts in the atmoſphere. 

During the month of July, 1778, Mr. Achard 
obſerved daily the electricity of the atmoſphere 
in the morrfing, at noon, and in the evening, 
with a pair of ſmall pith balls, which were placed 
above the roof of the houſe, above 40 feet high, 
and ſufficiently diſtant from buildings, trees, 
&c. During the whole time there were only 10 
days which gave no ſigns of electricity; 17 days, 
including the foregoing 10, in which he could 
obſerve no electricity in the morning, though it 
became very ſenſible at noon, and was very 
much increaſed towards the ſetting of the ſun. 

Every 
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Every other day he found the air electrical during 
the whole day, but always ſtrongeſt a little be- 
fore ſun- ſet, a ſhort time after which it began 
again to diminiſh. 

If in ſerene weather the ſky became ſuddenly 
cloudy, the electrometer indicated continual 
changes in the electricity of the atmoſphere ; 
ſometimes increaſing, then diſappearing, then 
re- appearing; in which caſe it had generally 
changed from poſitive to negative, or vice ver/a. 
In windy weather he found it difficult to obſerve 
with the electrometer, on account of the con- 
tinual motion of the balls. It ſeemed to vary 
confiderably when the air was heavy, but not 
windy. When the weather was very calm, and 
the ſky without clouds, the electrometer did not 
alter in the leaſt, except towards ſun-ſet, when 
it increaſed in a ſmall degree. 

It is remarkable, that in thoſe days in which 
he obſerved no electricity in the air, there was 
no dew at night; while on the other nights, it 
fell in greater or leſs quantities. He does not 
think thoſe obſervations are ſufficient to deter- 
mine, that the dew is occaſioned by electricity ; 
but it may, he thinks, be fairly inferred, that 
the elevation and fall of the dew is obſtructed or 
promoted by the electricity of the air. It is 
eaſy to point out in what manner electricity may 
| produce 
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produce the effect. Let us ſuppoſe the air to 
be either poſitively or negatively electrified, but 
the ſurface of the globe where we are not to be 
ſo; the aqueous and volatile parts of the vegeta- 
bles exhaled by the rays of the ſun, and ſuſpended 
in the air, will become electric by communica- 
tion. The air cooling by the abſence of the 
ſolar heat, will not, after the ſetting of the ſun, 
retain the aqueous particles with the ſame force; 
and theſe being attracted by the non electrie 
bodies which are on the ſurface of the earth, 
their ſuperficies will be covered with dew. Again, 
let us ſuppoſe that the ſurface of the earth is 
electrical, but that the air is not electrical, and 
the effect will be ſimilar to the preceding caſe. 
It the air and the carth are both electrified, but 
with contrary powers, the attraction will be 
ſtronger and the dew more abundant ; but no dew 
will fall if they are both poſſeſſed of the ſame 
power, and in the ſame degree. It is known, 
that the dew does not fall with the ſame facility 
upon all bodies, and that electric bodies are 
thoſe on which it falls with the greateſt abun- 
dance. This fact admits of an eaſy explanation, 
if we ſuppoſe electricity to be the cauſe of the 
dew ; for the electric bodies do not readily re- 
ceive electricity from the medium which ſur- 
rounds them; there is, therefore, always a 

greater 
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greater difference between the electricity of the 
air and that of the electrics which are placed in 
it, than between the electricity of the air and 
the conducting bodies which it envelopes. Now 
it is in the ratio of this difference that the 
power of electric attraction acts, and conſe- 
quently theſe bodies ought to be covered more 
abundantly with dew. 

As electricity is often, if not nas, the cauſe 
of dew, no one will doubt the neceſſity of attend- 
ing to it in the botanical metcorology, as every 
one is acquainted with the influence of dew on 
on growth of vegetables. 

In the Phil. Tranſ. for 1773, are. en! 
tions on the electricity of fogs, which prove that 
they are generally electrical. Mr. Achard has 
made ſeveral obſervations, the reſults of which 
correſpond entirely with thoſe, for he conſtantly 
found that the air was more or leſs electrified 
by a fog. - Twice he obſerved, that in the ſpace 
of a few minues the fog ceaſed altogether, and 
fell in form of a fine rain; and though it was 
very thick, diſappeared in about ſeven minutes. 
It is alſo very probable that rain is occaſioned 
by electricity ; and of this we ſhall be convinced, 
if we conſider the attractions and repulſions that 
the terreſtrial or atmoſpheric electricity muſt 
nn as well between the ſurface of the globe 

g and 
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and the vapours contained in the air, as between 
the particles of vapour which always neceſſarily 
tend to diſperſe or unite the aqueous particles 
which ſwim in the atmoſphere, and to bring 
them nearer, or carry them farther from the 
earth. 


Mr. De Saus8uRE's Ob/cruations on the Almo- 
ſpherical Electricity. 


The intenſity of the atmoſpheric electricity is 
varied by a great many circumſtances, ſome of 
which may be accounted for, others cannot. 
When the weather is not ſerene, it is impoſſible 
to aſſign any rule for their variation, as no re- 
gular correſpondence can then be perceived with 
the different hours of the day, nor with the va- 
rious modifications of the air. The reaſon is 
evident ; when contrary and variable winds reign 
at different heights, when clouds are rolling over 
clouds, theſe winds and clouds, which we can- 
not perceive by any exterior ſign, influence how- 
ever the ſtrata of air in which we make our expe- 
riments, produce theſe changes of which we only 
ſee the reſult, without being able to aſſign either 
the cauſe, or it's relation. Thus, in ſtormy wea- 
ther, we ſee the electricity ſtrong, then null, and 
in a moment after ariſe to it's former force ; one 
inſtant poſitive, the next negative, without being 

Gg able 
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able to aſſign any reaſon for theſe changes. Mr. 
De Sauſſure ſays, that he has ſeen theſe changes 
ſucceed with ſuch rapidity, that he had not time 
to note them down. 

When rain falls without a ſtorm, theſe changes 
are not ſo ſudden; they are however very irre- 
gular, particularly with reſpect to the intenſity 
of force; the quality thereof is more conſtant. 
Rain, or ſnow, almoſt uniformly gives poſitive 
electricity, 

In cloudy weather, without rain or ſtorms, the 
electricity follows generally the fame laws as in 
ſerene weather. 

Strong winds generally diminifh it's inten- 
ſity, they mix together the different ſtrata of 
the atmoſphere, and make them paſs ſucceſ- 
ſively towards the ground, and thus diſtribute 
the electricity uniformly between the earth and 
the air; Mr. De Sauſſure has obſerved a ſtrong 
electricity with a ſtrong north wind (/a b1/c.) 

The ſtate of the air, in which the electricity 
is ſtrongeſt, is foggy weather; this is always ac- 
companied with electricity, except when the 
log is going to reſolve into rain. 

The molt intereſting obſervations, and thoſe 
which throw the greateſt light upon the various 
modifications of electricity in our atmol pen, 


arc thole that are made in ſerene weather. In 
, Winter, 
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winter, during which moſt of Mr. De Sauſ- 
ſure's obſervations were made) and in ſerene 
weather, the electricity was generally weakeſt in 
the evening, when the dew had fallen, until the 
moment of the ſun's riling; it's intenſity after- 
wards augmented by degrees, ſometimes ſooner, 
and ſometimes later ; but generally before noon, 
it attained a certain maximum, from whence it 
again declined, till the fall of the dew, when it 
would be ſometimes ſtronger than it had been 
during the whole day; after which, it would 
again gradually diminiſh during the whole 
night; but is never quite deſtroyed, if the wea- 
ther is perfectly ſerene. 

At moſpherical electricity ſeems, therefore, 
like the ſea, to be ſubject to a flux and reflux, 
which cauſes it to increaſe and diminiſh twice 
in 24 hours. The moments of it's greateſt force 
are ſome hours aſter the riſing and ſetting of 
the ſun; thoſe when it is weakeſt, precede the 
riſing and ſetting thereof. This will be further 
explained in the following pages. © 

Mr. De Sauſſure has given an inſtance of this 
periodic flux in electricity, on the 22d of Fe- 
bruary, 1785, (one of the coldeſt days ever re- 
membered at Geneva;) the hygrometer and 
thermometer were ſuſpended in the open air, 
on a terrace expoſed to the ſouth-weſt ; the 

| Gg 2 electro- 
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electrometer, from it's ſituation, indicated an 
electricity equal to what it would have ſhewn 
if it had been placed on an open plain. The 
height of the barometer is reduced to what it 
would have been if the mercury had been con- 
ſtantly at the temperature of 10 degrees of 
Reaumur's thermometer, The place of obſer- 
vation was elevated 60 feet above the level of 
the lake. The obſervations of the day prece- 
ding and following this great cold, are inſerted 
in the following table; becauſe it is pleaſing to 
have the obſervations which precede and follow 
any ſingular phænomena. There was a weak 
S. W. wind during the whole three days; and 
It is rather remarkable, that moſt of the great 
colds, which have been obſerved at Geneva, 


were preceded by, or at leaſt accompanied with, 
a little S. W. breeze. 


TABLE 
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T--. A. W ( 


d. b. m. fee: in Ng Thermometer. Hygrom. Elefrom. 
21 9 15 * 26 6 A matt d 4b Pale ſun, cloudy 
11 10 M 26 6 5|— 4 3| 83 qg | 1 6 Bright ſun 
2 10 266 1] —o2]| 696] 1 1 | The ſame 
5 «lab 6 1m SET GATE Setting fun 
6 E 26 6 0] — 3 28335 | 1 © Cloudy in the S. W. 
7 E266 2 — 6 8] 8g 18 Perfectly clear 
8 E 26 6 3 —100[95 |20| Idem 
9 x [266 3 —10 697 58 Idem 
10 E266 1— 9995 1 2 Little cl. at horiz. S. 
11 E26 6 o| —12 399 1|1 5 Id more to S. W. 
12 x 26 5 15 —12 5 | f. 2 | Idem 
22 1 „126 6 o} —14 3 | Idem og Idem 
2 M|266 8 | —14 5 | 1d. 1 2 | Clo, incr. & approa. 
6 15 M26 5 7|—13 0] Id. | o 8| Clear 
7 go u 26 5 4|—14 7] 1d. 1 2 | Light fog 
8 10 M 265 2|—14 2 | Id. 1 1 | Idem 
9 10M|26 4 15 | —10, 7 | Id. i 6 | Idem 
10 10M|264 193 |— 8 2 | 1d. 2 2 | Thicker fog 
1110M|264 3|— 4 8] 1d. 2 8 | Idem 
1 10 E 264 o|— 4 9] 1d. 1 7 | Idem 
2 20 E |26 3 14 | 4. o 6| 82 | 1 4 | Weak fog, pale ſun 
3 30 26 3 13|— 09|81 9 | 1 1 | Cloudypaleſun 
5 x: |26 313] — 4389 | 1 2 | Leſs cloudy 
6 E 26 3 14 |— 4491 2|2 2 | Moreſo 
7 E26 3 14 [— 6 1] 94 1 7 | Idem 
8 „26 3 13|— 5 9| 1d. | 3 7 | Clou. ſog in 8. W. 
23 0 45 M — 4 1 | Id. 1 © Clou. with more fog 
8 5 mj2bs of — 1081 g|1 2| Idem 
10 7 u 265 5 — 0 0 76 o 8 | Idem | 
345 K 26 6 Bl. 0 576 Id. | Cloudy pale fun 
5 E | 26 6 14 | — 0 3| 75 3 | 1 &| Cloudy 
6 ts 267 3|— 07174 o 8 | Idem 
7 1267 9 — 1779 7|22| Veryclear * 
8 E26 7 14 — 3 7 5 Cloudy 
12 E269 1]— 3 092 o 5 More ſo 


u for Morning, E for Evening. 


— 
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From the firſt 18 obſervations of this table, 
when the ſky was quite ſerene, we ſee that the 
electricity was pretty ſtrong at 9 in the morn- 
ing, that from thence it gradually diminiſhed 
till towards 6 in the evening, which was it's firſt 
minimum ; after which it increaſed again till 8, 
it's ſecond maximum, from whence it again 
graduaily declined till 6 the next morning, 
which was the time of it's ſccond minimum; 
aſter which, it again increaſed till ren in the 
morning, which was the firſt maximum of the 
following day; as this was cloudy, the electric 
periods were not ſo regular. 

The electricity of ſerene weather is much 
weaker in ſummer than in winter, which ren- 
ders it more difficult to obſerve theſe gradations 
in ſummer than in winter; beſides a variety of 
accidental cauſes, which at the ſame time render 
them more uncertain, In general, in ſummer, 
if the ground has been dry for ſome days, and 
the air is dry alſo, the electricity increaſes, 
from the riſing of the ſun till 3 or 4 in the 
afternoon, when it is ſtrongeſt; it then dimi- 
niſhes till the dew begins 1o fall, which again 
reanimates it; though after this it declines, and 
is almoſt extinguiſhed during the night. 

But the ſerene days that ſucceed rainy wea- 
ther in ſummer, generally exhibit the ſame diur- 

nal 
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nal periods or ſtates of electricity, as are to be 
obſerved in winter. 

The air is invariably poſitive in ſerene wea- 
ther, both in winter and ſummer, day and night, 
in the ſun or in the dew. It would ſcem, there- 
fore, that the electricity of the air is eſſentially 
politive, and that whenever it appears to be ne- 
gative, in certain rains or in ſtorms, it probably 
ariſes from ſome clouds, which have been ex- 
poſed to the preſſure of the electric fluid con- 
tained in the upper part of the atmoſphere, or to 
more elevated clouds, that have diſcharged a 
part of their fluid upon the earth, or upon other 
clouds. 

In order to find out the cauſe of theſe phæ- 

nomena, Mr. De Sauſſure inſtituted a ſet of ex- 
periments on evaporation, avoiding the uſe of 
Mr. De Volta's condenſer. 
Io produce a ſtrong evaporation, he threw a 
mals of red hot iron into a ſmall quantity of 
water, which was contained in a coffee-pot, 
with a large mouth, and. ſuſpended by filk 
ſtrings; by this he obtained a ſtrong. poſitive 
electricity, though, according to Mr, Volta's 
ſyſtem, it ought to have been negative ; the ex- 
periment was repeated ſeveral times, varying 
ſome of the circumſtances, but the reſult was 
always the ſame. | | 

As it was not caſy to think ſo able a philoſo- 

Sg 4 | pher 
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pher as Mr. Volta was deceived, it was neceſ- 
ſary to try the experiment in a manner more 
analogous to that of Mr. Volta. A ſmall cha- 
fing-diſh was therefore inſulated by ſilk cords, 
and the coffee-pot, with a ſmall quantity of 
water placed on it; one electrometer was con- 
nected with the coffee- pot, and another with 
the chafing-diſh; the fire was raiſed by a pair 
of bellows ; when the water had boiled ſtrongly 
for a few minutes, both clectrometers exhibited 
ſigns of electricity, which, on examination, was 
found to be negative; proving the truth of Mr. 
Volta's experiment. The evaporation produced 
by the efferveſcence of iron in the vitriolic acid, 
and by that of chalk in the ſame acid, gave alſo 
negative electricity. 

It was now neceſſary io inquire, why the va- 
pour, excited by the heated iron, produced 
poſitive eleftricity; while that from boiling 
water, in any other way, produced a negative 
electricity. 

Mr. De Sauſſure ſuſpected, that the intenſity 
of heat to which the water is expoſed, by the 
contact of a body in a ſlate of incandeſcence, 
was the cauſe of the electricity produced by it's 
evaporation, and that a combination was then 
formed, by which a new quantity of the electric 
fluid was produced. This conjecture may at 

| firſt 
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firſt ſight ſeem improbable; but the quantity 
of electricity produced by this experiment, will 
aſtoniſh thoſe that repeat it; and this quantity 
is the more ſurprizing, becauſe, if it is true, ac- 
cording to the ſyſtem of Mr, Volta, that vapours 
ablorb, while they are forming, a quantity af 
the electric fluid, there muſt, therefore, be 
enough developed in this experiment, for the 
formation of the great quantity of vapours pro- 
duced by the heated iron, and afterwards a ſuf- 
ficient quantity to electrify ſtrongly the appa- 
ratus, and all theſe vapours. 

This experiment ſhews clearly the cauſe of 
that prodigious quantity of electricity, which is 
unfolded in the eruption of volcanos; as it is 
probable, that the water in theſe, from many 
circumſtances, acquires a much greater degree 
of heat than is given to it in our experiments. 

To verify this conjecture, that it was in ſome 
meaſure the combuſtion of the water, or the 
iron, that produced the poſitive electricity, it 
was proper to try whether, by a regular mode- 
ration of the heat of the iron, poſitive electricity 
would always be obtained. This was eſſayed 
in the following manner: A large iron crucible, 
5 inches high, 4 in diameter, and 6 lines thick, 
was hcated red hot, then inſulated ; after which, 
{mall quantities of water were thrown into it, 

cath 
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each projection of the water cooling more and 
more the crucible; thus deſcending by degrees, 
till there was only ſufficient heat to boil the 
water; carefully obſerving, and then deſtroying 
the electricity produced at cach projection. The 
electricity was always poſitive or null; at the 
firſt projections it was very ſtrong ; it gradually 
diminiſhed to the twelfth, when it was ſcarce 
ſenſible, though always with a tendency to be 
poſitive, 

On repeating this experiment, and varying it 
in different ways, a remarkable circumſtance 
was obſerved: when a ſmall quantity of water 
was thrown into the crucible, the moment it 
was taken from the fire, while it was of a pale 
red, approaching what is called the white heat, 
no electricity was obtained. 

This fact ſeemed to have ſome connection 
with another mentioned by Muſſchembrock, that 
water evaporates more {lowly on metal, or any 
other incandeſcent body, than on the ſane body, 
heated only a ſmall degree above boiling water, 
To examine this relation, and to find whether 
there was any betwecn the periods of evapora- 
tion and the production of electricity, Mr. De 
Sauſſure made a great number of experiments, 
which are moſt accurately deſcribed in his ex- 
cellent work ; but as the detail would be much 
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too long to be introduced in this Work, I muſt 
content myſelf with preſenting the reader with 
the heads thereof, and a deſcription of the ap. 
paratus. 

The apparatus conſiſted of a pot of clay, well 
baked or annealed, 15 lines thick, and 4 inches 
diameter; this was inſulated by a dry glaſs gob- 
let; upon this pot was placed the crucible, or 
any other heated ſubſtance, on which the water 
was to be thrown, in order to be reduced into 
vapours; the crucible was contiguous to a wire 
connected with an electrometer; a meaſure, 
containing 54 grains weight of diſtilled water, 
was thrown upon the heated crucible; the time 
employed in the evaporation thereof was ob- 
ſerved by a ſecond watch; the electricity pro- 
duced by this evaporation was noted. When 
this meaſure of water was reduced into vapour, 
the electricity of the apparatus is deſtroyed, and 
a freſh meaſure of water is thrown into the cru- 
cible, proceeding in the ſame manner till the 
crucible is almoſt cold. 

The firſt experiment was with an iron cru- 
cible, from which it was found, that Muſſ- 
chembrock was not right, in ſaying that the 
evaporation was ſloweſt when the iron was hot- 
teſt; for at the inſtant it was taken from the 
fire, it required 19 ſeconds to evaporate the . 
water, 
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water, and took more time till the third pro- 
jection, when it took 35 ſeconds, though from 
that period it employed leſs time, or in other 
words, the evaporation accelerated in propor- 
tion as the iron cooled. 

With reſpect to the electricity, it was at firſt 
o, then poſitive, afterwards negative, then o, 
and afterwards poſitive to the end of the expe- 
riment. The vapour was not viſible till the 
7th projection. 

In the ſecond experiment with the ſame cru- 
cible, though every endeavour was made uſe of 
to render them as ſimilar as poſſible, the elec- 
tricity was conſtantly poſitive. 

The third experiment was with a copper 
crucible ; here alſo the electricity was poſiti ve, 
and the longeſt time employed in evaporation 
was not the inſtant of the greateſt heat. It was 
very curious to ſee the water endeavouring to 
gather itſelf into a globule, like mercury on 
glaſs, to be ſometimes immoveable, and then 
to turn on itſelf horizontally, with great rapi- 
dity; ſometimes throwing from ſome of it's 
points a little jet, accompanied with an hiſſing 
noiſe, 

The fourth experiment was with the ſame 
crucible; the electricity was at firſt negative, 


then conſtantly poſitive. | 
: The 
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The fifth was with a crucible of pure ſilver; 
a conſiderable time was employed here in eva- 
porating the ſame quantity of water; even in 
the inſtant of the greateſt heat it took 5 minutes, 
6 ſeconds ; the eleAricity was weak, three times 
no electricity was perceived, five times negative 
electricity was diſcovered. 

In a ſixth experiment with the ſame crucible, 
a poſitive electricity was obtained, at the ſecond 
projection, after which none of any kind was 
perceived. | 

The ſeventh with the ſame, gave at firſl a 
ſtrong negative electricity, the ſecond and third 
projection gave a weak poſitive electricity. 

The eighth was made with a porcelain cup; 
here the evaporation was ſlower at the ſecond, 
than the firſt projection; but from this it took 
longer time till it was cold, contrary to what 
happened with the metals; the electricity was 
always negative. 

The ninth and tenth experiments with the 
ſame cup, produced ſimilar effects. 

The eleventh experiment was with ſpirits of 
wine in a ſilver crucible; here there was no 
electricity produced at the two firſt projections, 
and what was afterwards obtained was negative. 

Twelfth experiment with ether; here the 
electricity was alſo negative. 'Theſe two in- 

flammable 
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flammable fluids, in evaporating, followeg the 
ſame laws as water, being diſſipated at firſt moſt 
rapidly in the greateſt heat, afterwards taking a 
longer and longer time before they were evapo- 
rated, to a certain period, then employing leſs 
time, or evaporating quicker, till the crucible 
was nearly cold. | 
Now as china and ſilver always produced ne- 
gative electricity, while iron and copper have 
generally given poſitive electricity, we may con- 
clude, that electricity is poſitive with thoſe 
bodies that are capable of decompoſing water, 
or of being decomp<ſed themſelves by their 
contact with the water; and negative with thoſe 
which are not at all decompoſed or altered. 
From henee Mr. De Sauſſure conjectures, that 
the electric fluid may be looked upon, as formed 
by the union of fire with ſome unknown prin- 
Ciple, perhaps a fluid analogous to inflammable 
air, but exceedingly more ſubtil. This analogy 
ſeems to him ſufficiently proved by the inflam- 
mation of the electric fluid, and by the diminu- 
tion of the air in which this inflammation is 
made, Though many doubts have been at- 
tempted to be thrown on this inflammation, 
there ſeems to be one reaſon which forces us to 
admit it, which is the loſs of a quantity of this 
fluid at every ſpark; we may diminiſh at plea- 
ſure 
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ſure any quantity of this fluid, (en le faſſant ei- 
inceler) by taking a number of ſparks from it. 
From whence alſo it may be inferred, that a 
conſiderable quantity is deſtroyed every day by 
thunder. 

According to this ſyſtem, when the opera- 
tion, which converts water into vapour, pro- 
duces at the ſame time a decompoſition, it then 
generates the electric fluid. A part of this fluid 
combines itſelf immediately with theſe vapours, 
and ſerves even to form them. The veſſel, in 
which this operation is performed, will acquire 
a poſitive clectricity, none at all, or a negative: 
according as the quantity of the fluid generated 
is ſuperior, equal, or inferior to that which the 
formation of the vapours conſumes. When no 
decompoſition accompanies the evaporation, the 
electricity ought to be conſtantly negative, be- 
cauſe there is nothing to replace the quantity of 
this fluid, which is employed in forming the 
vapour. 

If in the foregoing experiments, thoſe ſub- 
ſtances which were ſuſceptible of calcination 
had conſtantly given a poſitive electricity, and 
thoſe which do not calcine had always given the 
negative; every thing would have been ex- 
plained by theſe principles, and they would 
thence have acquired a greater degree of pro- 

bability. 
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bability. But the phænomena have not always 
followed this law. We have ſeen iron and cop- 
per ſometimes give a negative electricity, and 
filver the poſitive. The firſt caſe is not diffi- 
cult to account for; it is well known with what 
facility iron and copper calcine in a briſk fire; 
they become covered with a ſcaly cruſt, which 
is not ſuſceptible of any further alteration with 
the ſame heat. If the bottom of the crucible 
acquires this cruſty coating, the drop of water 
placed thereon will be no longer in contact with 
a calcinable ſubſtance; there will be no further 
decompoſition, no generation of the electric 


fluid: the vapours, however, which are ſtill 


formed, will abſorb a part of the fluid naturally 
contained in the apparatus, and this vill there- 
fore be electrified negatively. If ſome of the 
ſcales ſhould be ſo far detached, that the water 
may gain ſome points of contact, the quantity 
thus generated may compenſate for what is ab- 
forbed by the vapours, and thus the electricity 
will be null. If more are detached, it will 
ſuper-abound and be poſitive. From the ſame 


reaſons, a large maſs of water, by attacking the 


iron in a greater number of points, always gives 
poſitive electricity; and hence, alſo, a ſtrong 
poſitive electricity is obtained, by throwing a 
piece of red-hot iron into a mals of water. 

I | It 
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It is not ſ@ caſy to explain why ſilver gives 
ſometimes a poſitive electricity, but by ſuppoſe 
ing it to have been mixed with ſome ſubſtances, 
capable of calcination ; and this the more, as 
the white porcelain always gave negative elec- 
tricity. This ſuppoſition was verified by ſome 
ſubſequent experiments, in which the ſame ſil- 
ver, when purihed, always gave a negative elec- 
tricity. 

Mr. De Sauſſure owns himſelf incapable of ' 
explaining why heated charcoal always gives ne- 
gative electricity; unleſs it can be attributed 
to the promptitude with which ſo rare a ſub- 
ſtance loſes it's hear, by the contact of waters 

One fact aſtoniſhed him, namely, that by 
combuſtion properly ſo called, although it is an 
evaporation, nay, the higheſt degree of evapo- 
ration, he never obtained any ſigns of electri- 
city; though he tried to obtain it in a variety 
of ways. Probably, the current produced by 
the flame, diſperſes and. diſſipates the electri- 
City as ſoon as it is formed. The caſe, how- 
ever, muſt not be looked upon as general, be- 
cauſe Mr. Volta obtained ſigns of electricity 
from bodies in combuſtion, by means of his 
condenſer. 

Another ſingular fact was, his not being able 


to obtain electricity without ebullition, though 
| H-h he 
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he endeavoured to compenſate hy the quantity 
of ſurface for the quantity of vapours that were 
elevated by beiling water; and indeed, the ſame 
quantity of water, if extended over too large a 

ſurface, will not give any electricity. 
Notwithſtanding the uncertainty theſe expe- 
riments throw upon the ſyſtem, it does not at 
preſent ſeem poſſible to find another reaſon, 
which ſo ſatisfactorily accounts for the poſitive 
electricity which reigns in the air. The pro- 
digious quantity of this fluid, which continually 
deſcends from the upper part of the atmoſphere, 
filtrating through the air to penetrate the inte- 
rior parts of the earth, muſt neceſſarily be 
brought back again by ſome means; for other- 
wiſe, the air would be exhauſted of it's fluid, or 
the earth would be ſaturated. The perpetual 
circulation of this fluid, which is carried on by 
means of vapours, is a ſtriking cixcumſtance ; 
it riſes inviſible and inactive, concealed in their 
boſom, but diſplaying afterwards it's energy. 
When the vapours have changed their form, it 
deſcends active, animated with a penetrating, 
and expanſive force ; the tops of trees, the points 
of leaves, the beards of different grains, attract 
and force it to paſs through the vegetables, of 
which it becomes, (perhaps) when decompoſed, 
the moſt active and favoury part. This alſo 
> "me 
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may be one of the reafons, why exerciſe in the 
apen air is much more conducive to health than 
that which is taken in covered or cloſe places; 
for it ſeems evident, that the ſoft and gentle 
electrization, which every one muſt partake of 
in the open air, muft have an influence upon 
our organs, on the circulation of the blood, the 
fecretion of the humours, and inſenfible tranſ- 
piration. . 

In further purſuing this ſubject, we muſt con- 
ſider, that vapour ſometimes acts as the pro- 
ducing cauſe of aerial electricity; at other times, 
as a conductor of this ſame fluid; and ſome- 
times, both together. Towards the end of the 
night, the electricity of the air is very weak, 
either becauſe there is no evaporation, or be- 
cauſe the humidity of the preceding evening, 
and that of the fore part of the night, have 
tranſmitted to the earth the electricity that was 
accumulated in the air: but as ſoon as the ſun 
warms the earth, and in proportion as he riſes 
above the horizon, the aerial electricity aug- 
ments; becauſe the vapours, which then rife, 
carry this fluid into the air. But when the ſun 
has attained the meridian, the heat increaſes in 
a greater proportion than the evaporation, the 
air becomes dry, and hardly tranſmits the fluid 
which is accumulated in the upper part of the 
Hh 2 atmo- 
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atmoſphere; the electrometer, therefore, exhi- 
bits leſs ſigns of electricity, though it is ſtill 
accumulating in the upper part of the atmo- 
ſphere. - Laſtly, when the ſun is near ſetting, 
the air grows cool, becomes humid, and tranſ- 
mits more abundantly to the earth the electric 
fluid that was accumulated in the higher re- 
gions; the electrometer, therefore, riſes again 
with the dew, till two or three hours after ſun- 
ſet, when the air is exhauſted, and the clectri- 
City again diminiſhes till the next day. 
In ſummer, the electricity of a ſerene atmo- 
ſphere is much weaker than in winter, and that, 
becauſe the air is then warm and dry, to a 
greater height, and therefore reſiſts more pow- 
erfully the tranſmiſſion of this fluid, that is ac- 
cumulated in the higher regions of the atmo- 
ſphere. This uninterrupted accumulation ac- 
counts at the ſame time, very naturally, for the 
violence and frequency of ſtorms at this ſeaſon. 
But the increaſe of electricity, from the heat of 
the ſun, in the dry and hot days of ſummer, 
from it's riſing, till four or five in the after- 
noon, is not ſo eafily accounted for. It is not 
improbable, that the dry exhalations from the 
earth, which are occaſioned by the heat, may 
produce this augmentation of electricity, and 
favour the deſcent thereof from the upper part 
of 
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of the atmoſphere. It appears, however, in 
general, both in winter and ſummer, that when 
the air is perſectly tranſparent, the aerial elec- 
tricity alwavs diminiſhes in the hotteſt part of 
the day. It is known, that the air is generally 
molt tranſparent and diſengaged from vapours, 
in the ſerene weather that follows great or heavy 
rains,-—Mr. de Sauſſure defires that this ſyſtem 
may be only looked upon as ſo many conjec- 
tures, propoſed with a view to animate other 
philoſophers to the obſervation of theſe phano.. 
mena, and the inveſtigation of their cauſe. 

The author refers alſo to his“ Eſſais ſur 
I'Hygrometrie ** for the proofs, That the elec- 
tric fluid is only neceſſary to form or ſuſpend 
the groſs veſicular vapours. Thoſe which are 
diſſolved, or are elaſtic, ſupport themſelves by 
the expanſive force, which they acquire from 
the element of fire combined with them, with. 
out the aſſiſtance of any other agent. And 
theſe groſs vapours, which require the electric 
fluid for their formation, part with it, if they 
are reſolved into water, or into an elaſtic fluid. 
Thus the groſs vapours that are formed in the 
morning of a fine day, and which diſturb a little 
the tranſparency of the inferior ſtrata of air, 
carry this fluid with them, but part with it 
when they come into a more pure and dry air, 


Hh 3 where 
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where they are diſſolved, taking the form of an 
elaſtic fluid. 

This explains the diminution of the aerial 
electricity, where clouds are forming in an at- 
moſphere that was ſerene ; for the electric fluid, 
which was diſſeminated in the air, combines 
with the vapours when they take the veſicular 
form ; the ſtrata, or ſtriated appearance that is 
then ſeen among the clouds, which is one of the 
moſt fure indications of rain, ſeem to pro- 
nounce the preſence of the electric fluid, en- 
deavouring to reſtore an equilibrium, and re- 
place that which has been employed in the for- 
mation of the veſicles, of which the clouds con- 
Gt. Many experiments ſhew, that this fluid, 
condenſed by art, diſpoſes in parallel and con- 
verging lines, like the clouds, thoſe particles of 
duſt through which it is made to paſs; while 
on the other hand, the increaſe of aerial elec- 
tricity, which is obſerved when the air is getting 
clear and ſerene after rain, ariſes from this fluid, 
which the veſicular vapours part with when diſ- 
ſolved in air. | 


Obſervations and Experiments made by Dr. Parxsr- 
LEY on the Effecls of Elettricity on different elaſtic 
Fluids. | | 
EXPERIMENT CCXXXIX.—To change the blue 


colour of liquors, linged with vegetable juices 
red, 
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red. The apparatus for this purpoſe is ſcen in 
fig. 94. AB is a glaſs tube, about four or tive 
inches long, and one or two tenths of an inch 
diameter in the infide; a piece of wire is put 
into one end of the tube, and fixed there with 
cement ; a braſs ball is placed on the top of this 
wire; the lower part of the tube from a is to be 
filled with water, tinged blue with a piece of 
turnſole or archal. This is eaſily effected, by 
ſctting the tube in a veſſel of the tinged water, 
then placing it under a receiver on the plate of 
the air-pump; exhauſt the receiver in part, 
and then, on letting in the air, the tinged liquor 
will riſe in the tube, and the elevation will be 
in proportion to the accuracy of the vacuum ; 
now take the tube and veſſel from under the 
receiver, and throw ſtrong ſparks on the braſs 

ball from the prime conductor, | 
When Dr. Prieſtley made this experiment, 
he perceived, that after the electric ſpark had 
been taken, between the wire 4 and the liquor 
at a, about a minute, the upper part of it began 
to look red; in two minutes it was manifeſtly ſo, 
and the red part did not readily mix with the 
liquor. If the tube was inclined when the ſparks 
were taken, the redneſs extended twice as far on 
the lower fide as on the upper. In proportion as 
the liquor became red, it advanced ncarer to the 
| Hh wire, 
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wire, ſo that the air in which the ſparks were 
taken was diminiſhed ; the diameter amounted 
to about one fifth of the whole ſpace; after 
which, a continuance of the electrification pro- 
duced no ſenſible effect. | 

To determine, whether the cauſe of the change 
of colour was in the air, or in the electric mat- 
ter, Dr. Prieſtley expanded the air in the tube, 
by means of an air-pump, till it expelled all 
the liquor, and admitted freſh blue liquor in 
it's place; but after this, electricity produced no 
ſenſible effect on the air or on the liquor; ſo 
that it was clear, that the electric matter had 
decompoſed the air, and made it depoſit ſome- 
thing of an acid nature, The reſult was the 
ſame with wires of different metals. It was 
alſo the ſame when, by means of a bent tube, 
the ſpark was made to paſs from the liquor 
in one leg, to the liquor in the other. The 
air thus diminiſhed was in the higheſt degree 


' Noxious, 


In paſſing the electric ſpark through different 
elaftic fluids, it appears of different colours. In 
fixed air, the ſpark is very white; in inflammable 
and alkaline air, it appears of a purple or red 
colour. From hence we may infer, that the 
conducting power of theſe airs is different, and 
that fixed air is a more perfect non- conductor 
than inflammable air. 


The 
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The ſpark was not viſible in air from a cauſtic 
alkali, made by Mr. Lane, nor in air from ſpirit 
of ſalt; ſo that they ſeem to be more perfect 
conductors of electricity than water, or other 
fluid ſubſtances. 

The electric ſpark, taken in any kind of oil, 
produces inflammable air. Dr. Prieſtley tried 
it with ether, oil of olives, oil of turpentine, 
and eſſential oil of mint, taking the electric 
ſpark in them without any air to begin with; 
inflammable air was produced in them all. 

Dr. Prieſtley found, that on taking a ſmall 
electric exploſion for an hour in the ſpace of 
an inch of fixed air, "confined in a glaſs tube 
dne tenth of an inch diameter, when water was 
admitted to it, only one fourth of the air was 
imbibed. Probably the whole would have been 
rendered immiſcible in water, if the electrical 
operation had been continued a ſufficient time. 

The electric ſpark, when taken in alkaline air, 
appears of a red colour ; the electric exploſions, 
which paſs through this air, increaſe it's bulk ; 
ſo that, by making about 200 exploſions, in a 
quantity of it, the original quantity will be ſome- 
times increaſed one fourth. If water is admitted 
to this air, it will abſorb the original quantity, 
and leave about as much elaſtic fluid as was 
generated by the elcctricity, and this claſtic fluid 
is a ſtrong inflammable air. 


Dr. 
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Dr. Prieſtley- found, when the electric ſpark 
was taken in vitriolic acid air, that the infide of 


the tube in which it was confined was covered 


with a blackiſh ſubſtance. He ſeems to think, 


that the whole of the vitriolic acid air is con- 


vertible into this black matter, not by means of 
any union which it forms with the electric fluid, 
but in conſequence of the concuſſion given to it 
by the exploſion; and that, if it be the calx of 
the metal which ſupplied the phlogiſton, it is not 
to be diſtinguiſhed from what metal, or indeed 
from what ſubſtance of any kind, the air had 
been extracted, 

Dr. Prieſtley made 1 50 exploſions of a com- 
mon jar in about a quarter of an ounce meaſure 
of vitriolic acid air from copper, by which 
the bulk was diminiſhed about one third, and 
the remainder ſeemingly not changed, being 
all abſorbed by water, In the courſe of this 
proceſs, the air was carefully transferred three 
times from one veſſel to another; and the laſt 
veſſel, in which the exploſions were made, was, 
to all appearance, as black as the firſt ; ſo that 
the air ſeems to be all convernble into this black 
ſubſtance. 

Thinking this diminution of the vitriolic acid 
air might atiſe fromit's abſorption by the cement, 
with which the glaſs tubes employed in the laſt 

| experiment 
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experiment were cloſed, he repeated it with the 
air from quickſilver, in a glaſs ſyphon confined by 
quickſilver, and the reſult was the ſame. 

That this matter comes from the vitriolic 
acid air only, and not from any combination of 
the electric matter with it, will appear from the 
following experiment. 

He took the ſimple electric ſpark from a con- 
ductor of a moderate fize, for the ſpace of five 
minutes without interruption, in a quantity of 
vitriolic acid air, without producing any change 
in the inſide of the glaſs; when immediately 
after, making in it only two exploſions of a 
common jar, each of which might be produced 
in leſs than a quarter of a minute with the ſame 
machine in the ſame ſtate, the whole of the 
inſide of the tube was completely covered with 
the black matter. Now had the electric matter 
formed any union with the air, and this black 
matter had been the reſult of that combination, 
all the difference that would have riſen from 
the ſimple ſpark or the exploſion, could only 
have been a more gradual, or a more ſudden, 
formation of that matter. 

A large phial, about an inch and a half wide, 
being filled with this air, the explolion of a 
very large jar, containing more than two feet of 


coated ſurface, had no effect upon it; from 
which 
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which it ſhould ſeem, that in theſe caſes, the 
force of the ſhock was not able to give the 
quantity of air ſuch a concuſſion as was neceſſary 
to decompole any part of it. 

He had generally made ufe of copper, but 
afterwards he procured this air from almoſt 
every ſubſtance from which it could be obrained ; 
the clectric exploſion taken in it produced the 
ſame effect. But, as ſome of the experiments 
were attended with peculiar circumſtances, he 
briefly mentions them, as follows. 

When he endeavoured to get vitriolic acid 
air from lead, putting a quantity of leaden ſhot 
into a phial containing oil of vitriol, and apply- 
ing only the uſual degree of heat, a conſiderable 
quantity of heat was produced ; but afterwards, 
though the heat was increaſed till the acid boiled, 
no more air could be got. He imagined there. 
fore, that in this caſe the phlogiſton had, in fact, 
been ſupplied by ſomething that had adhered 
to the ſhot. However, in the air ſo produced, 
he took the electric exploſion; and in the firſt 
quantity he tried, a whitiſh matter was produced, 
almoſt covering the inſide of the tube; but in the 
ſucceeding experiments, with air produced from 
the ſame ſhot, or from ſomething adhering to it, 
there was leſs of the whitiſh matter; and at laſt, 


nothing but black matter was produced, as in all 
; the 
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the other experiments. Water being admitted 
to this air, there remained a conſiderable reſi- 
duum, which was very ſlightly inflammable. 

Vitriolic acid air is eafily procured from ſpirit 
of wine, the mixture becoming black before any 
air is yielded. The electric exploſion taken 
in this air alſo produced the black matter. 

The experiments made with ether ſeem to 
throw moſt light upon this ſubjeR, as this air 
is as eaſily procured from ether as any other 
ſubſtance, containing phlogiſton. In the air 
procured by ether the electric exploſion tinged 
the glaſs very black, more ſo than in any other 
experiment of the kind; and, when water had 
abſorbed what it could of this air, there was a 
reſiduum in which a candle burned with a lam- 
bent blue flame. But what was moſt remarkable 
in this experiment was, that beſides the oil of 
vitriol becoming very black during the proceſs, 
a black ſubſtance, and of a thick conſiſtence, 
was formed, which ſwam on the ſurface of the 
acid. | 3 

It is very poſſible, that the analyſis of this 
ſubſtance may be a means of throwing light upon 
the nature of the black matter, formed by electric 
exploſions, in vitrolic acid air, as they ſeem to 
reſemble one another very much. | 

The electric ſpark or exploſion, taken in 
common 
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common air, confined by quickſilver in a glaſs 
tube, covers the inſide of the tube with a black 
matter, which, when heated, appears to be pure 
quickſilver. This, therefore, may be the caſe 
with the black matter into which he ſuppoſed the 
vitriolic acid air to be converted by the ſame 
proceſs, though the effect was much more 
remarkable than in the common air. The cx- 
ploſion will often produce the diminution of 
common air in balt the time that fimple ſparks 
will do it, the machine giving the ſame quantity 
of fire in the ſame time: alſo, the blackneſs of 
the tube is much ſooner produced by the ſhocks 
than by the ſparks. When the tube conſiderably 
exceeds three tenths of an inch in diameter, it 
will ſometimes become very black, without there 
being any ſenſible diminution of the quantity of 
air, 


Experiments on Air, by Henry Cavanpisn, E. 


The apparatus uſed in making the experi- 
ments was as follows. The air, through which 
the ſpark was intended to be paſſed, was con- 
fined in a glaſs tube bent to an angle, which, 
after being filled with quickſilver, was inverted 
into two glaſſes of the ſame fluid; the air to be 
tried; was then introduced by means of a ſmall 
tube, ſuch as is uſed for thermometers, bent in 


the manner repreſented by A B C, fig. 16, pl. I, 
the 
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the bent end of which, after being previouſly 
filled with quickſilver, was introduced, as in 
the figure under the glaſs D E F, inverted into 
water, and filled with the proper kind of air, 
the end C of the tube being kept ſtopped by 
the finger ; then, on removing the finger from 
C, the quickfilver in the tube deſcended in the 
leg B C, and it's place was ſupplied with air 
from the glaſs DEF. Having thus got the 
proper quantity of air into the tube ABC, it 
was held with the end C uppermoſt, and ſtop- 
ped with the finger; and the end A, made 
ſmaller for that purpoſe, being introduced into 
one end of the fore-mentioned bent tube, the air, 
on removing the finger from C, was forced into 
that tube by the preſſure of the quick filver in 
the leg BC. By theſe means he was enabled to 
introduce the exact quantity he pleaſed of any 
kind of air into the tube M; and by the fame 
means, could let up any quantity of foap-lees, 
or any other liquor which he wanted to be in 
contact with the air. 

In one caſe, however, in which he wanted to 
introduce air into the tube many- times in the 
ſame experiment, he uſed the apparatus repre- 
ſented in fig. 17, pl. I, conſiſting of a tube A B 
of ſmall bore, a ball C, and a tube DE of a 
larger bore. This apparntus was firſt filled with 
quickſilver, 
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quickſilver, and then the ball C and the tube 
A B were filled with air, by introducing the 
end A under a glaſs inverted into water, which 
contained the proper kind of air, and drawing 
out the quickſilver from the leg E D by a ſy- 
phon. After being thus furniſhed with air, 
the apparatus was weighed, and the end A in- 
troduced into one end of the tube M, and kept 
there during the experiment; the way of forcing 
air out of this apparatus into the tube, being by 
thruſting down the tube E D a wooden cylinder, 
of ſuch a ſize as almoſt to fill up the whole bore, 
and by the occaſionally pouring quickſilver into 
the ſame tube, to ſupply the place of that puſh- 
ed into the ball C. Afrer the experiment was 
finiſhed, the apparatus was weighed again, 

which ſhewed exactly how much air had been 
forced into the tube M, during the whole expe- 
riment; it being equal in bulk to a quantity of 
quickfilver, whoſe weight was equal to the in- 
creaſe of weight of the apparatus. 

The bore of the tube M uſed in moſt of the 
following experiments, was about one tenth of 
an inch; and the length of the column of air, 
occupying the upper part of the tube, was in 
general from 14 to 4 of an inch. 

It is ſcarcely neceſſary to inform any one uſed 
to electrical experiments, that in order to force 

| an 
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an electrical ſpark through the tube, it was ne- 
ceſſary, not to make a communication between 
the tube and the conductor, but to place an in- 
ſulated ball at ſuch a diſtance from the conduc- 
tor; as to receive a ſpark from it; and to make 
a communication between that ball and the 
quickfilver in one of the glaſſes, while the quick- 
ſilver in the other glaſs communicated with the 
ground. 

When the electric ſpark was made to paſs 
through common air; included between fhort 
columns of a ſolution of lirmus, the ſolution ac- 
quired a red colour, and the air was diminiſhed 
conformably to what was diſcovered by Dr. 
Prieſtley. When lime-water was uſed inſtead 
of the ſolution of litmus, and the ſpark was con- 
tinued till the air could be no further dimi- 
niſhed, not the leaſt cloud could be perceived 
in the lime-Water; but the air was reduced to 
two thirds of it's original bulk; which is a 
greater diminution than it could have ſuffered ' 
by mere phlogiſtication, as that 1s very little 
more than one-fifth of the whole. 

The experiment was next repeated with ſome 
impure dephlogiſticated air. The air was very 
much diminiſhed, but without the leaſt cloud 
being produced in the lime-water; neither was 
any cloud produced when fixed air was let up 

Ii to 
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to it; but on the further addition of a little. 
cauſtic volatile alkali, a brown ſediment was 
immediately perceived. 

Hence we may conclude, that the lime-uater 
was ſaturated by ſome acid formed during the. 
operation; as in this caſe it is evident, that no 
earth could be precipitated by the fixed air 
alone, but that cauſtic volatile alkali, on being 
added, would abſorb the fixed air, and thus be- 
coming mild, would immediately precipitate the 
earth; whereas, if the earth in the lime-water 
had not been ſaturated with an acid, it would 
have been precipitated by the fixed air. As to 
the brown colour of the ſediment, it moſt likely 
proceeded from ſome of the quickſilver having 
been diſſolved. | 

It muſt be obſerved, that if any fixed air, as 
well as acid, had been generated in theſe two 
experiments with the lime-water, a cloud muſt 
have been at firſt perceived in it, though that 
cloud would afterwards diſappear, by the earth 
being re-diſſolved by the acid; for till the acid 
produced was ſufficient to diſſolve the whole of 
the earth, ſome of the remainder would be pre- 
cipitated by the fixed air; ſo that we may ſafely 
conclude, that no fixed air was generated in the 
operation. 

When the air is confined by ſoap-lces, the 

diminution 
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diminution proceeds rather faſter than when it 
is confined by lime-water; for which reaſon, 
as well as on account of their containing ſo 
much more alkaline matter in proportion to 
their bulk, ſoap-lees ſeemed better adapted for 
experiments deſigned to inveſtigate the nature 
of this acid, than lime-water. Accordingly 
ſome experiments were made, to determine what 
degree of purity the air ſhould be of, in order 
to be diminiſhed moſt readily and to the greateſt 
degree; and it was found, that when good de- 
phlogiſticated air was uſed, the diminution was 
but ſmall; when perſectly phlogiſticated air 
was uſed, no ſenſible diminution took place; 
but when five parts of pure dephlogiſticated air 
were mixed with three parts of common air, 
almoſt the whole of the air was made to diſap- 
pear. It muſt be conſidered, that common air 
conſiſts of one part of dephlogiſticated air, 
mixed with four of phlogiſticated ; ſo that a 
mixture of five parts of pure dephlogiſticated 
air, and three of common air, is the ſame thing 
as a mixture of ſeven parts of dephlogiſticated 
air with three of phlogiſticated. 

Having made theſe previous trials, introduce 
into the tube a little ſoap- lees, and then let up 
ſome dephlogiſticated and common air, mixed 
in the above-mentioned proportions, which ri- 

11 2 ſing 
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fing to the top of the tube M, divided the ſoap- 
lees into it's two legs, as faſt as the air was di- 
miniſhed by the clectric ſpark ; continue adding 
more of the ſame kind, till no further diminu- 
tion takes place ; after which, a little pure de- 
phlogiſticated air, and after that a little common. 
air, were added, in order to ſee whether the 
ceſſation of diminution was not owing to ſome 
imperfection in the proportion of the two kinds 
of air to each other, but without effect. The 
ſoap-lces being then poured out of the tube, and 
feparated from the quickſilver, ſeemed to be 
perfectly naturalized, as they did not at all diſ- 
colour paper, tinged with the juice of blue 
flowers. Being evaporated to dryneſs, they left 
a ſmall quantity of ſalt, which was evidently 
nitre, as appeared by the manner in which pa- 

per, impregnated with a ſolution of it, burned. 
For more ſatisfaction, he tried this experi- 
ment over again, on a larger ſcale, About five 
times the former quantity of ſoap-lces were now 
let up into a tube of a larger bore; and a mix- 
ture of dephlogiſticated and common air, in the 
fame proportions as before, being introduced. by 
the apparatus repreſented in fig. g, the ſpark. 
was continued till no more air could be made 
to diſappear. The liquor, when poured out of 
the. tube, ſmelled evidently of phlogiſticated 
| nitrous: 
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nitrous acid. This ſalt was found, by the man- 
ner in which paper, dipped into a ſolution of it, 
burned, to be true nitre. It appeared, by the 
teſt of terra ponderoſa falita, to contain not 
more vitriolic acid than the ſoap-lees themſelves 
contained, which was exceſſively little; and 
there is no reaſon to think, that any other acid 

entered into it, except the nitrous. 
A circumſtance, however, occurred, which at 
firſt ſeemed to ſhew, that this ſalt contained 
ſome marine acid; namely, an evident precipi- 
tation took place, when a ſolution of ſilver was 
added to ſome of it diſſolved in water; though 
the ſoap-lees uſed in it's formation were per- 
fectly free from marine acid, and though, to 
prevent all danger of any precipitate being 
formed by an exceſs of alkali in it, ſome puri- 
fied nitrous acid had been added to it, previous 
to the addition of the ſolution of filver. On 
conſideration, however, he ſuſpected, that this 
precipitation might ariſe from the nitrous acid 
in it being phlogiſticated; and therefore tried, 
whether nitre, much phlogiſticated, would pre- 
cipitate ſilver from it's ſolution. For this pur- 
| Poſe, he expoſed ſome nitre to the fire, in an 
carthen retort, till it had yielded a good deal of 
dephlogiſticated air; and then having diſſolved 
i in water, and added to it ſome well purified 
Ii 3 ſpirit 
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ſpirit of nitre, till it was ſenſibly acid, in order 
to be certain that the alkali did not predomi- 
nate, he dropped into it ſome ſolution of ſilver, 
which immediately made a very copious preci- 
pitate. This ſolution, however, being deprived 
of ſome of it's phlogiſton by evaporation to 
dryneſs, and expoſure for a few weeks to the 
air, loſt the property of precipitating ſilver 
from it's ſolution; a proof that this property 
depended only on it's phlogiſtication, and not 
on it's having abſorbed ſea ſalt from the retort, 
or by any other means. 

Hence it is certain, that nitre, * much 
phlogiſticated, is capable of making a precipi- 
tate with a ſolution of ſilver; and therefore 
there is no reaſon to think, that the precipitate, 
which our ſalt occaſioned with a ſolution of ſil- 
ver, proceeded from any other cauſe than that 
of it's being phlogiſticated; eſpecially as it ap- 
peared by the ſmell, both on firſt taking it out 
of the tube, and on the addition of the ſpirit of 
nitre, previous to dropping in the ſolution of 
ſilver, that the acid in it was much phlogiſti- 
cated, The property of phlogiſticated nitre is 
worth the attention of chemiſts; as otherwiſe 
they may ſometimes be led into miſtakes, in in- 
yeſtigating the preſence of marine acid by a 
ſolution of ſilver, 


In 
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In a former paper Mr. Cavendiſh has aſſerted, 
that when nitre is detonated with charcoal, the 
acid is converted into phlogiſticated air; that 
is, into a ſubſtance which, as far as he could 
perceive, poſſeſſes all the properties of the phlo- 
giſticated air of our atmolphere: from which 
he concluded, that phlogiſticated air is nothing 
elſe than nitrous acid united to phlogiſton. Ac- 
cording to this concluſion, phlogiſticated air 
ought to be reduced to nitrous acid by being 
deprived of it's phlogiſton ; but as dephlogiſti- 
cated air is only water deprived of phlogiſton, it 
is plain, that adding dephlogiſticated air to a 
body, is equivalent to depriving it of phlogiſ- 
ton, and adding water to it; and therefore 
phlogiſticated air ought alſo to be reduced to 
nitrous acid, by being made to unite to, or form 
a chemical combination with dephlogiſticated 
air; only the acid formed this way will be more 
dilute, than if the phlogiſticated air was fimply 
deprived of phlogiſton. 

This being premiſed, we may ſafely conclude, 
that in the preſent experiments the phlogiſtica- 
ted air was enabled, by means of the electrical 
ſpark, to unite to, or form a chemical combi. 
nation with the dephlogiſticated air, and was 
thereby reduced to nitrous acid, which united to 
the ſoap- lees, and formed a ſolution of nitre; * 

Ti4 tor 
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for in theſe experiments thoſe two airs actually 
diſappeared, and nitrous acid was actually 
formed in their room ; and as, morcover, it has 
Juſt been ſhewn, from other circumſtances, that 
phlogiſticated air muſt form nitrous acid when 
combined with dephlogiſticated air, the above. 
mentioned opinion ſeems to be ſufficiently eſta. 
| bliſhed, A further eonfirmation of it is, that 
as far as we can perceive, no diminution of air 
is produced when the clectric ſpark is paſſed, 
cither through pure dephlogiſticated air, of 
through perfectly phlogiſticated air; which in- 
dicates the neceſſity of a combination of theſe 
two airs to produce the acid. Moreover, it 
was found in the laſt experiment, that the quan- 
tity of nitre procured, was the ſame that the 
ſoap-lees would have produced, if ſaturated 
with nitrous acid; which ſhews, that the pro- 
duction of the nitre was not owing to any dey 
compoſition of the ſoap-lees. | 


Bennet on Almoſpberic Eleftricity, 


Jo illuſtrate the proceſs of atmoſpheric ex. 
ploſions, as far as relates to the influence of 
powerful electrical atmbſpheres : 

It two ſlips of gold leaf, or rather white 

Dutch metal, be. faſtened: to a braſs ball ſuſ- 
pended 
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pended by a ſilk ſtring, or other inſulating ſub- 
{tance : bring the braſs knob of a charged bottle 
towards the points of the metallic flips, till they 
become charged with electricity, which will 
cauſe them to be repelled each way from the 
knob of the bottle, and ſtand as in plate J. 
fig. 21; continue to hold the bottle in the 
ſame poſition during a few ſeconds, and one of 
the flips will bend towards the knob of the 
bottle, fig. 21, and ſtrike it ſuddenly, then it 
will ſtand repelled till it's eleAricity be again 
diſſipated: in this manner it will continue to 
repeat the ſtroke as long as a ſufhcient quantity 
of electricity remains in the bottle, unleſs the 
air be very dry, and then this experiment may 

fail, which with me has only happened twice. 
The moſt common apparatus hitherto uſed, 
has chiefly conſiſted of high pointed and inſula- 
ted conducting-rods, or wires, extending. from 
the place of obſervation to the top of an high 
building or ſteeple, and connected with an elec. 
trometer ; or the ſmall and inſenſible communi. 
cations of electricity have been collected by 
means of Mr. Volta's condenſer. But theſe 
inſtruments are generally either not ſufficiently 
ſenſible, or they can only ſhew the ſtate of at- 
On electricity at intervals; whence the 
obſerver 
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obſerver loſes the opportunity of watching the 
momentary and intereſting change which hap- 
pens in ſeveral ſtates of the atmoſphere, eſpe- 
cially during the paſſage of thunder-clouds. 

It has been found that the Hame of a candle 
was very uſeful in rendering the atmoſpheric 
electricity ſenſible when it could not be per- 
ceived by means of points; this it probably does, 
becauſe the effluvium of the candle, which is of 
a conducting nature, becomes combined with 
air, ſo as to form a very complete union; and 
as the rarefied air, ſo combined with phlogiſtic 
eſfluvium, riſes upwards, it is continually ſuc. 
ceeded by a freſh quantity; and hence the ap- 
paratus has the opportunity of abſorbing elec- 
tricity much more copiouſly than the ſharpeſt 
points. Conſidering this advantage, Mr. Ben- 
net provided a deal rod about 10 feet long, ſee 
pl. I. fig. 10, and after the {ſmaller end was 
well dried, it was faſtened into a long tinned 
iron funnel with cement, ſo that the funnel did 
no where come within half an inch of the end 
of the rod; by this means it is kept dry, and the 
funnel is not ſo liable to be accidentally broken 
off as if it was inſulated by means of glaſs. At 
the ſmall end of the funnel is ſuſpended the ring 
of a chain, which ſupports a ſmall lantern, con- 

taining 
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taining a lighted candle: ro the lower and 
broad edge of the funnel, a ſoftened braſs wire 
is faſtened, which is about the length of the 
whole rod; and the lower end is hooked to a 
ſmall ring, near the thick end of the rod, that 
the wire may not be liable to accidents when the 
inſtrument is taken down. When this appa- 
ratus is uſed, a window is opened in the higheſt 
room of the houſe, and the rod 1s placed upon 
one ſtrong nail, and under another, on one fide 
of the caſement, ſo that the lantern is elevated 
about 50 degrees. Near the place to which the 
rod is faſtened is a hole in the window-frame, 
of ſufficient width to receive a tube of glaſs 
covered with ſealing-wax, on the end of which 
is a bent wire: the hook of the braſs wire is 
then taken from the ring, and hooked upon this 
inſulated bent wire, which ſtands at a proper 
height to be connected with the cap of a gold 
leaf electrometer, ſtanding upon a board under 
the wire; and that the braſs wire may not be 
too much agitated by the wind, a ball of lead is 
hung upon it. In this ſituation, it is plain that 
the atmoſpheric electricity collected by the 
candle will come down the braſs wire, and be 
communicated to the cap of the electrometer, 
or to any other inſtrument. But as it very ſel- 

dom 
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dom happens that the gold leaf does not diverge 
when this apparatus is elevated, there is little 
occaſion to make uſe of a condenſer or doubler, 
or even of a candle, when there are large 
clouds paſſing over, or rain falling. 


CHAP. 
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G ATL. 


Or Mepicar ELtcTRICITY. 


HE Abbe Nollet ſays, that he received 
more pleaſure when he diſcovered that 
the motion of fluids in capillary tubes and the 
inſenſible tranſpiration of animated bodies were 
augmented by electricity, than by any other 
diſcovery he had made; becauſe they feemed to 
promiſe ſuch abundant advantages to mankind, 
when properly applied by a ſkilful hand, But 
how much would this pleaſure have been aug- 
mented, if he had lived to ſee his hopes rea- 
lized, and this branch of electricity obtain the 
fame medical certainty as the bark in inter- 
mittents ? | 
It is true, that like every other ſimple me- 
dicine which has proved beneficial to mankind, 
electricity met with much oppoſition from the 
intereſted views of ſome, and the ignorance of 
others; has been treated with contempr, and 
injured by miſplaced caution, I ſhall recom- 
mend to thoſe who thus oppoſe it, not to con- 
demn a ſubject of which they are ignorant, but 
to hear the cauſe before they paſs ſentence ; 
to take ſome pains to underſtand the nature of 
electricity 3 
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electricity; to learn to make the electrical ma- 
chine act well, and then apply it for a few 
weeks to ſome of thoſe diſorders in which it has 
been adminiſtered with the greateſt ſucceſs ; 
and there 1s no doubt but they would ſoon be 
convinced, that it deſerves a diſtinguiſhed rank 
in medicine, which is the offspring of philo- 
ſophy. 

The ſcience of medicine and it's practitioners 


have been reproached with the inſtability and 


fluctuations of praQtice; at one time cold as the 
ice at Zembla, at another hot as the Torrid 
Zone; that they are led by faſhion, and influ- 
enced by prejudice. On this ground it has 
been predicted, that however great the benefits 
which may be derived from electricity, it would 
ſtill only laſt for the day of faſhion, and then 
be conſigned to oblivion. I muſt confeſs, that 
I cannot be of this opinion, nor eaſily led to 
think a ſet of men, whoſe judgment has been 
matured by learning and experience, will ever 
neglet an agent, which probably forms a 
moſt important part of our conſtitution. Elec. 
tricity is an active principle, which is neither 
generated nor deſtroyed ; which is every where, 
and always preſent, though latent and unob- 
ſerved; and 1s in motion by night and day, to 
maintain an equilibrium that is continually vary- 

ing. 
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ing. To give one inſtance, among many, it has. 
been ſhewn, that the rain that deſcends in a ſtorm 
is ſtrongly impregnated with electricity, and 
thus brings down what the heated vapours car- 
ried up into the air, till the deficiency of the 
earth is ſupplied from the ſuperfluity of the 
heavens. A variety of other cauſes concur to 
vary continually the equilibrium cf this fluid ; 
as the perpetual inteſtine and oſcillatory motion, 
which contributes ſo much towards carrying on 
the operations of nature. Further, if a parti- 
cular portion of this fluid is diſtributed to every 
| ſubſtance, then every alteration of it's capacity, 
which is continually changing by heat or cold, 
muſt move or operate on it. 

As heat, or fire in action, is the firſt mover 
in the animal machine, and the chief active 
principle during it's exiſtence, and as electricity 
exhibits ſo many phænomena, which cannot be 
diſtinguiſhed from thoſe of fire, we are natu- 
rally led to conceive high ideas of the impor- 
tance of this fluid to medicine. Though the 
vital ſtate of it is not to be eſtimated by the 
degree of heat, abſtractedly conſidered, becauſe 
the degree of heat only aſcertains the quantity 
which is acting in a peculiar manner. 

It is known that this vivitying principle haſtens 
the vegetation of plants. Myrtle-trees, which 

I were 
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were electrified, budded ſooner than others of 
the ſame kind and fize, and in the ſame green- 
houſe. Seeds, daily ęlectrified, have ſhot up, 
in three or four days than others 
of the fame kind, and alike in all other circum- 
ſtances, have done in eleven or twelve days. 
In the ſame manner Mr. Achard has fhewn, that 
it may be uſed as a ſupplement for heat, to 
hatch the chicken from the egg. The ſuppo- 
ſition of an ingenious writer is by no means im- 
probable, that the vegetating power which is 
operating during the whole year in ever-greens, 
may ariſe from theſe trees having more reſin 
in their compoſition, than thoſe whoſe leaves fall 
in autumn, by which they are enabled to attract 
and retain thoſe juices which give them their 
continual verdure, and ſupply, in ſome degree, 
the abſence of folar heat. This may be inferred 
from their natural properties, and is confirmed 
by the ſtrong electric power poſſeſſed by their 
leaves. The ſame writer thinks, that the fluid 
collected in our electrical experiments is only 
thoſe ſolar rays that have been diſperſed in, and 
are arreſted by the earth; an idea which is 
ſtrongly corroborated by the obſervations made 
on atmoſpherical electricity, and by the deduc- 
tions which have been made from the relative 
_ affinities of fire, light, and heat, 


The 
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The agency of this fluid, and it's exiſtence in 
animated nature, has been fully proved by the 
experiments that have been made on the torpedo 
and the gyn notus electricus; for the ſimilitude 
eſtabliſned between the electrical fluid of the 
torpedo and that of nature at large, is ſuch, 
that, in a phyſical ſenſe, they may be conſidered 
as preciſely the ſame. Mr. Hunter has well ob- 
ſerved, ſays Sir J. Pringle, and I think he is the 
firſt who has made the obſervation, that the 
magnitude and number of the nerves beſtowed 
on thoſe electric organs in proportion to their 
ſize, muſt appear as extraordinary as their effects; 
and that, if we except the important organs of 
our ſenſes, there is no part, even of the moſt 
perfect animal, which, for it's ſize, is more 
liberally ſupplied with nerves than the torpedo: 
nor yet do theſe nerves of the electric organs 
ſeem neceſſary for any ſenſation that can belong 
to them: and with reſpect to action, Mr. Hunter 
obſerves, that there is no part of any animal, 
however ſtrong and conſtant it's action may be, 
which enjoys ſo large a portion of them. If then 
it be probable, that theſe nerves are unneceſſary 
for the purpoſe either of ſenſation or action, 
may we not conclude, that they are ſubſervient 
to the formation, collection, and management 
of the electric fluid? eſpecially, as it appears 

K K from 
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from Mr. Walſh's experiments, that the will 
of the animal commands the electric powers 
of it's organs. If theſe reflections are juſt, we 
may with, ſome probability foretel, that no 
diſcovery of conſequence will ever be made by 
future phyſiologiſts concerning the nature of 
the nervous fluid, without acknowledging the 
lights they have borrowed from the experi- 
ments of Mr. Walſh upon the living torpedo, 
and the diſſection of the dead animal by Mr. 
Hunter.* 

A variety of curious facts clearly evince, that 
the electric fire is effentially connected with the 
human frame, and is continually exerting it's 
influence upon it. Add to this the eaſe with 
which the natural equilibrium is deſtroyed, and 
we may readily conceive, that any alteration in 
the quantity or intenſity of action of this power- 
ful fluid will produce correſponding changes in 
the habit or health of the body, The following 
is a remarkable inſtance of the agency of the 
fluid in the human frame, and of the eaſe with 
which it is put in action. Mr. Brydone men- 
tions a lady, who, on combing her hair in froſty 
weather in the dark, had ſometimes obſcrved 
ſparks of fire to iſſue from it; this made him 

think 


'® Sir John F ringle's Diſcourſes, p- 84. 
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think of attemping to collect the electrical fire 
from hair alone, without the aſſiſtance of any 
other electrical apparatus. To this end, he 
defired a young lady to ſtand on wax, and comb 
her ſiſter's hair, who was fitting in a chair before 
her; ſoon after ſhe had begun to comb, the young 
lady on the wax was ſurpriſed to find her whole 
body electrified, and darting out ſparks of fire 
againſt every object that approached her. Her 
hair was ſtrongly electrical, and affected an 
electrometer at a conſiderable diſtance. He 
charged a metallic conductor from it, and in 
the ſpace of a few minutes collected a ſufficient 
quantity of fire to kindle common ſpirits, and, 
by means of a ſmall jar, gave many ſmart ſtrokes 
to all the company. 

Mr. Cavallo obtained, by means of a ſhall 
condenſing plate, very ſenſible ſigns of electricity 
from various parts of his own body, and the 
head of almoſt any other perſon. 

When the diſcoveries in this ſcience, ſays Mr. 
Brydone, are further advanced, we may find, 
that what we call ſenſibility of nerves, and many 
other diſeaſes, which are known only by name, 
are owing to the bodies being poſſeſſed of too 
large or too ſmall a quantity of this ſubtle fluid, 
which-is perhaps the vehicle of all our feelings. 


It is known, chat in damp and hazy weather, 
J K k 2 when 
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when this fire is blunted and abſorbed by the 
humidity, it's aQivity is leſſened, and what is 
collectcd is ſoon diſſipated ; then our ſpirits are 
more languid, and our ſenßbility is leſs acute. 
And in the fierce wind at Naples, when the air 
ſeems totally deprived of it, the whole ſyſtem 
is unſtrung, and the nerves ſeem to loſe both 
their tenſion and elaſticity, till the north-weſt 
wind awakens -the activity of the animating 
power, which ſoon reſtores the tone, and enli- 
vens all nature, which ſeemed to droop and 
languiſh in it's abſence: nor can this appcar ſur- 
priling, if it is from the different ſtate of this fire 
in the human body, that the ſtrictum and laxum 
proceeds, and not from any alteration in the 
fibres themſelves, or their being more or leſs 
braced up, (among which bracers cold has been 
reckoned one,) though the muſcular parts of an 
animal are more braced when they are hot, and 
relaxed when they are cold. | | 
Mr. Jalabert and Profeſſor Sauſſure, when 
paſſing the Alps, were caught among thunder- 
clouds, and found their bodies full of electrical 
tire; ſpontaneous flaſhes darting from their 
fingers, with a crackling noiſe, and the ſenſa- 
tions they felt were the ſame as when ſtrongly 
electrified by art. It ſeems pretty evident, that 
thole icelings were owing to their bodies con- 
| ; taining 
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taining too great a ſhare of electrical fire; and 
it is not improbable, that many of our invalids 
owe their feelings to the oppoſite cauſe. 

The perpetual electricity of the atmoſphere 
is no longer a problem : the exiſtence and con- 
tinual agency of it in that maſs of air which ſur- 
rounds our globe has been aſcertained by nu- 
merous clear and deciſive experiments; and it 
ſcems by no means improper to infer, that this 
fluid cannot exiſt in the atmoſphere without 
exerting a certain influence on all the beings 
contained in it, and principally on organized 
bodies, among which man holds the higheſt 
rank, | 

ExPERIMENT CCXL. — Paſs the charge of a 
large jar, or battery, from the head to the back 
of a mouſe; this, if the ſhock is ſufficiently 
ſtrong, will Kill the animal. Aſter it's death, 
make the diſcharge in the ſame manner, and the 
fluid will paſs viſibly over the body, and not 
through it; evincing, that the power or me- 
dium which tranſmitted the ſhock through the 
animal, is loſt with it's life. This experiment 
is taken from Mr. Cavallo's treatiſe on medical 
clectricity. It's importance is ſelf-evident, and 
it certainly merits a further inveſtigation by 
choſe who are acquainted with the animal œco- 
nomy, as well as electricity. 


Lk 2 As 
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As the ſcience of medicine knows of no ſpe, 
cific, ſo we are not to ſuppoſe, that electricity 
will triumph over every diſorder to which it is 
applied. It's ſucceſs will be more or leſs ex- 
tenſive, according to the diſpoſition of the ſub- 
ject, and the talents of thoſe who direct it; it 
cannot therefore appear ſurpriſing, that many. 
diſorders have been refractory to it's powers, and 
others have only yielded in a ſmall degree; or, 
that the progreſs of the cure has often been 
ſtopped by the impatience, or prejudice, of the 
diſcaſed : but at the ſame time, it muſt be ac- 
knowledged, that even in it's infancy, when it 
had to combat againſt fear, prejudice, and in- 
tereſt, it's ſucceſs was truly great: we have 
ſurely then the higheſt reaſon to expect a con- 
ſiderable increaſe of ſucceſs, now that it is cul- 
tivated and promoted by profeſſional men of the 
firſt merit. 

In a ſhort courſe of lectures which were read 
on this ſubject lately by Mr. Birch, ſomething 
like a ſyſtem was thrown out for the conſidera- 
tion of future electricians. The application of 
electricity to medicine was divided into three 
forms; namely, the fluid, the ſpark or friction, 

| and the ſhock. The firſt mode he conſide red 
to act as a ſedative, the ſecond he ranked under 
the title of a Rimulant, and the laſt as a deob- 
ſtruent. 
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ſtruent. As the diſtinctions were the reſult of 
many experiments and much obſervation, they 
may ſafely be adopted for the preſent. That 
gentleman being now engaged in the practice of 
a great hoſpital, where his electrical experi- 
ments have already gained ſome reputation, we 
may hope the ſcience will be more univerſally 
" diffuſed, and being taught under the cautious 
eye of public ſcrutiny, we may truſt it's merits 
will ſoon give it an eſtabliſhed rank in the arr 
of healing. 

In medicine, electricity is applicable to palſies, 
rheumatiſms, intermittents; to ſpaſm, obſtruc- 
tion, and inflammation. In ſurgery it has con- 
ſiderable ſcope for action; where contractions 
and ſprains, tumours, particularly of the glan- 
dular ſort, waſting of the muſcles, and other in- 
cidents, form a catalogue of viſible diſeaſes as 
diſtreſſing to the fight of others as to the patients 
themſelves. The gout, and the ſcrophula, or 
king's evil, two diſeaſes which have tormented 
mankind, and been the diſgrace of medicine to 
the preſent time, are ranked among thoſe to 
which this remedy is applicable; and in the 
commencement of the complaints, I am inform- 
ed, has been wonderfully ſucceſsful. To remove 
ill- placed fits of the gout, it ſhould ſeem to be 
A more rational application than any medicine, 

BE PR or 
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for it applies directly to the ſeat of the diſeaſe, 
with a power and rapidity unknown in phyſic, 
and perfectly manageable at diſcretion ; and, as 
it is a remedy which applies to the underſtand- 
ing as well as to the fcelings, I ſhould think it 
better worth the attention, and contemplation 


of men of liberal education, than the compound. 


ing a medicine, in which they place little faith, 

or applying a plaiſter, in which they have none 
at all. 

Te ſucceſs of electricity, in relieving the 
ſufferings of mankind, has been conſiderably 
promoted, and it's operations rendered more 
rapid, ſenſible, and efficacious, by applying it in 
different manners and quantities to the human 
frame. The modes formerly uſed were the 
ſhock, ſpark, and ſometimes, though very ſel- 
dom, ſimple electrification. Theſe modes are 
now varied, and their number augmented. The 
ſtream of the electric fluid may, without a ſhock, 
be made to paſs through any part of the body; 
it may alſo be thrown upon, or extracted from 
any part, and it's action in each caſe varied, by 
cauſing the fluid to paſs through materials 
which reſiſt it's paſſage in different degrees; it 
may be applied to the naked integuments, or 
to the {kin covered with different reſiſting ſub- 
ſtances ; ; and it's power may be rarified or con- 


denſed, 
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denſed, confined to one ſpot, or applied in a 
more diffuſive manner, at the diſcretion of the 
operator. - 

The apparatus eeſſary for this purpoſe is ſimple, 
and conſiſts of the following articles: 

1. An electrical machine, with an inſulated 
cuſhion, properly conſtructed to afford a con- 
tinued and ſtrong ſtream of the electrical fluid. 

2. A ſtool with inſulating feet, or rather an 
arm chair fixed on a large inſulating-ſtool. The 
inſide part of the back of the chair ſhould move 
on a hinge, that it may occaſionally let down to 
electrify conveniently the back of the patient: 
the arms of the chair ſhould alſo be made longer 
than uſual. 

3. A Leyden bottle with an electrometer. 

4. A pair of large directors, with glaſs han- 
dles, and wooden points. 

5. A few glaſs tubes of different bores, ſome 
of them with capillary points. 

To theſe may be added, an univerſal aid. 
charger on a large ſcale, a pair of ſmall direc- 
tors with ſilver wires, and a pair of inſulating 
forceps. 

Fig. 93 repreſents the directors; the handles 


are of glaſs. A is a braſs wire with a ball on it's 
end. The wire of one is bent, for the more con- 


veniently throwing the electric fluid on the eye, 
&c. 


4 
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&c. The balls may be unſcrewed from the 
wires, and the wooden point B ſcrewed in it's 
place, or the pointed end of the braſs wire may 
be uſed. The direQors ſhould always be held 
by that extremity of the glaſs handle which is 
| fartheſt from the braſs, and care ſhould be taken 
that the heat of the hand does not make them 
moiſt, | 
1. and M, fig. 84, repreſent glaſs tubes, 
through which ſmall wires are made to paſs, to 
convey the fluid directly to the ear or throat. 

Fig. 88 repreſents another glaſs tube, of a 
larger fize, the end of which is capillary; a 
ſmall quantity of roſe-watcr, or any other fluid, 
is to be poured into this tube; then connect it 
with the prime conductor by a wire; turn the 
cylinder, and a ſubdivided, gentle, and refreſh- 
ing ſtream of this fluid may be thrown on the 
patient. 

Fig. 86 repreſents the electric forceps: ſome 
gentlemen think it is a very convenient inſtru. 

ment for communicating a ſhock, It's uſe is 

evident from an inſpection of the figure. 

Fig. 85 is the medical bottle, furniſhed with 
an electrometer, to limit the force of the ſhock, 
and enable the operator to give a ſucceſſive 
number of them of the ſame force, C 1s a bent 


piece of glaſs, on the upper part of which is 
cemented 
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cemented a braſs focket D, furniſhed with a 
ſpring tube E; the wire F moves in this tube, 
ſo that the ba!l G may be ſet at a convenient 
diftance from the ball H. The end I of the 
bent piece of glaſs is alſo furniſhed with a fpring 
tube, which ſlides upon the wire K, communi- 
cating with the inſide of the bottle. 

To uſe this botle, place the ball H in contact 
with the conductor, or conect them together 
by a wire, and then charge it in the uſual man- 
ner. Now, if a wire procceds from the ball L 
to the outſide coating, the bottle will be diſ- 
charged whenever the fluid has acquired ſuffi- 
cient force to paſs through the ſpace of air be- 
tween the two balls; conſequently the ſhock is 
ſtronger in proportion as the diſtance between 
the two balls is increaſed. 

It is obvious, that when the electrometer is 
thus connected, it acts in the ſame manner as a 
common diſcharging rod, and forms the com- 
munication between the outhde and the inſide 
of the bottle; with this difference only, that the 
diſtance of the end which is to communicate 
with the inſide may be limited and regulated. 

It has been found- more convenient, to ſepa- 
rate the electrometer from the bottle, and apply 
it to the conductor: fee in the frontiſpiece to 
p$his Eſſay, where a, 5, repreſents the eledrome- 

ter, 
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ter, c, d, the Leyden bottle, ſuſpended at a 
ſmall diſtance from it; a glaſs tube c, /, is fixed 
in this bottle, a ſmall part of the lower end of 
which is coated; two wires paſs through the 
braſs ball C on the top of this tube, one of 
which goes down to the bottom of the exterior 
bottle, and touches it's internal coating, the 
other only goes to the coating of the tube: theſe 
wires may be removed at pleaſure. The bottle 
is to be ſuſpended to the conductor by the ring, 
and a chain or wire is to be fixed to the hook d, 
at the bottom. 

Fig. 119, pl. V. repreſents the bottle direc- 
tor, which is hollow and coated like a common 
bottle, acting in all reſpects like one, but is con- 
venient from it's ſhape and ſome other circum- 
ſtances in giving ſmall ſhocks. 

The handles of the directors ſhould be care- 
fully dried, as alſo the bent piece of glaſs C, 
and thoſe parts of the bottle which are above the 
coating. It is likewiſe neceſſary to preſs the 
cnds of the directors againſt the part, to convey 
the ſhock more readily: by connecting one 
wire with a poſitive conductor, and the other 
with a negative one; or one with the bottom of 
a Leyden bottle, and the other with the electro. 
meter ; the ſhock or ſtream may be conveyed to 
any part, with the greateſt facility, It is alſa 

evident, 
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evident, that a perſon may, by means of two di- 
rectors, electrify himſelf with eaſe, (or any pa- 
tient, conveniently) without the aſſiſtance of 
any other perſon; that is, he may turn the ma- 
chine with one hand, while he is receiving the 
fluid, or the ſhock. But this may alſo be 
readily effected, by faſtening a wire to one of 
the conductors, and pinning the other end of it 
to one extremity of the part through which you 
intend to paſs the ſhock, or convey the fluid ; 
then connect a director with the other conduc- 
tor, and hold it to the other extremity of the 
part. If the ſituation is ſuch as to occaſion the 
wires to touch the table, paſs a ſmall glaſs tube 
over them, which will prevent a diſſipation of 
the fire. 


Elericity may be applied medically in the following 
different Modes. 


Firſt, By merely placing the patient in an 
inſulated chair, and connecting him with the 
prime conductor; when the machine is in ac- 
tion, he will be filled with the electric fluid, 
which will be continually diſſipated from the 
points and edges of his cloaths: and though the 
effects of this are probably roo ſlow to be ren- 
dered very advantageous, yet a ſedentary perſon 
might perhaps derive ſome benefit from fitting 


in 
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in an inſulated chair, having before him an in- 
ſulated table; the chair to be connected with 
the ball of a large charged jar or battery, by 
which means a ſmall quantity of the fluid will 
be continually paſſing through thoſe innumer- 
able capillary veſſels, on the right ſtate of which 
our health ſo much depends. 


2. By throwing the Fluid upon, or extrafting it from 
a Patient, by Means of a wooden Point. 


This may be effected in a twofold manner: 
1ſt, By inſulating the patient, and connecting 
him either with the cuſhion or the poſitive 
prime conductor, the operator preſenting the 
point. 2nd, Let the patient ſtand upon the 
ground, and the wire of the director be con- 
nected cither with the poſitive or negative parts 
of the machine. The ſenſation produccd by the 
fluid when acting in this manner, 1s mild and 
pleaſing, reſembling the ſoft breezes of a gentle 
wind; generating a genial warmth, and pro- 
moting the ſecretion and diſſipation of tumours, 
inflammations, & c. 


= 3. By the Ele&ric Friction. 


Cover the part to be rubbed with woollen 


Cloth or flannel. The patient may be ſcated in 
an 
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an inſulated chair, and rubbed with the ball of a 
director that is in contact with the conductor : 
or he may be connected with the conductor, 
and rubbed with a braſs ball which communi- 
cates with the ground. The friction thus pro- 
duced is evidently more penetrating, more ac- 
tive, and more powerful, than that which is 
communicated with the fleſh bruſh; and there 
is, I apprehend, very little fear of being thought 
too ſanguine, if 1 aſſert, that this, when uſed 
but for a few minutes, will be found more effi- 
cacious than the other, after ſeveral hours ap- 
plication. — Electricity applies here with pecu- 
lar propriety to ſpaſm, pleuriſy, and ſome ſtages 
of the palſy, and in every caſe anſwers the end 
of bliſtering where the diſcharge is not wanted, 
being the moſt ſafe and powerful ſtimulant we 
know, 


4. By taking ſlrong Sparks from the Palient. 


Here, as in every other caſe, the operator may 
connect the ball of the director with the poſitive 
or negative conductor, or he may connect the 
patient with either of theſe, and the ball with the 
ground; now it is clear from what has been 
already laid down, that if the director be con- 
nected with the poſitive conductor, the fluid is 
thrown upon the patient, if with the cuſhion. 


I the 
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the fluid is extracted from him. Let the pa- 

tient be inſulated, and the action is in ſome 
meaſure reverſed ; if he is joined to the negative 
conductor or cuſhion, he will receive a ſpark 
from a perſon ſtanding on the floor ; but if he 
communicates with the poſitive conductor, he 
will give the ſpark'to the perſon on the ground. 


a 5. By cauſing a Current of the Electric Fluid to 
paſs from one Part of the Body, and thus confi- 
ning and concentrating it's Operation without 
communicating the Shock. 


Place the patient in an inſulated chair, and 
touch one part of the body with a director, 
joined to a poſitive conductor; then with a 
braſs ball communicating with the ground, 
touch another part, and when the machine is 
in action the fluid will paſs through the re- 
quired part, from the conductor to the ball ; 
the force of the ſtream will be different accord- 
ing to the ſtrength of the machine, &c. Or 
connect one director with the cuſhion and the 
other with the poſitive conductor, and apply 
theſe to the part through which the fluid is to 
paſs, and When the machine is in action the 
electricity will paſs from one ball to the other. 
It is not neceſſary to inſulate the patient in this 


caſc. 


6. 5 
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6. By the Shock. 


Which may be given to any part of the human 
body, by introducing that part of the body into 
the circuit which is made between the outſide 
and inſide of the bottle. This is conveniently 
effected, by connecting one director by a piece 
of wire with the electrometer, and the other 
with the outſide of the bottle; then hold the 
directors by their glaſs handles, and apply the 
balls of them to the extremity of the parts 
through which the ſhocks are to be paſſed. The 
force of the thock, as we have already obſerved, 
is augmented or diminiſhed by increafing of 
leſſening the diſtance between the two balls, 
which muſt be regulated by the operator to the 
ſtrength and ſenſibility of the patient. When 
the little bottle with the glaſs tube is uſed as a 
common bottle, both wires are to be left there, 
and the ſhock is communicated by two direc- 


tors, one connected with the bottom, the otheg 


with the top by means of the electrometer. (See 
the plate facing the title-page of this Eſſay, ) 
The operator will often find himſelf embarraſſed 
in giving ſmall ſhocks, the fluid paſſing from 
the conductor to the ball of the electrometer, 
inſtead of going through the circuit he defires: 
when this happens, which may be known by the 

L1 chattering 
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chattering noiſe of the ſpark in paſſing to the 
electrometer, the reſiſtance formed to the diſ- 
charge is ſo great, that the fluid cannot force 
it's way through the circuit; to remedy this, 
and leſſen the reſiſtance, paſs two metallic pins 
through the cloathing, ſo that they may be in 
contact with the ſkin, which will leſſen the reſiſ- 
f tance, and conduct the fluid. 


7. By a Senſation between a Shock and the Spark, 
which does not communicale that diſag recalle 
Feeling attending the common Shock. 


This is effected by taking out the long wire 
from the ſmall medical bottle, and leaving the 
ſhorter one which is connected avith the tube in 
it's place, the directors to be connected and uſed 
as before. In leſſening this vibratory ſhock the 
electrometer may be drawn to a much greater 
diſtance; tor the rapidity with which the charge 
of the bottle ſends forward the charge of the 

tube, is ſufficient to overcome the reſiſtance of 
a large body of air. The eflect of this ſpecics 
of ſhock, it it may be called one, 1s to produce a 
great vibration in the muſcular fibres, without 
inducing that pungent ſenſation which the ſhock 
effects. It is therefore applicable to ſome ſtages 
of palſy and rheumatiſm; it may alſo ſerve as 
an artificial means of exerciſe. | 


8. Þy 
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8. By the Beltle Director. 


Inſulate the patient, and place the ball g in 
contact with him, by which means this director 
is charged. Nou if a wire is conveyed from the 
bottom of this to the top of another director, 
the bottle director, fig. 119, plate V. will be 
diſcharged whenever the ball þ is brought in 
contact with the patient, ſo that by bringing it 
down with rapidity any number of ſmall ſhocks 
may be procured in a minute. Or connect the 
inſulated patient with the top or inſide of a large 
charged jar, and then this apparatus uſed in the 
foregoing manner will diſcharge from the large 
jar, at each ſpark, it's own contents, and by re- 
petition diſcharge the whole jar; thus a number 
of ſhocks may be given without continually 
turning the machine, or employing an aſſiſtant, 


9. By paſſing the whole Fluid contained in the 
Leyden Phial through a diſeaſed Part without 
giving the Shock. 


Connect a director, by means of a wire, with 
the ball of a Leyden jar; charge the jar cither 
completely or partially, and then apply the ball 
or point of the conductor to the part intended 
to be clectrified, and the fluid which was con- 

L} 2 denſed 
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denfed in the phial will be thrown on the parr 
in a denſe flow ſtream, attended with a pungent 
ſenſation, which produces a conſiderable degree 
of warmth. If a wire that communicates with 
the ground is placed oppoſite to the end of the 
director, the paſſage of the fluid will be rendered 
more rapid, and the ſenſation ſtronger. Or in- 
ſulate the patient, connect him with the top of 
a jar, charge this, and then apply a metal wire 
or piece of wood to the part through which you 
mean to make the fluid paſs. It is obvious, that 
in this caſe the circuit between the inſide and 
the outſide of the jar is not completed, there. 
fore the ſhock will not be felt. The condenſed 
fluid paſſes in a denſe ſlow ſtream through the 
required part, while the outſide acquires a ſuf- 
ficient quantity from ſubſtances near it to re- 
ſtore the equilibrium. 

It is in all caſes moſt adviſable to begin with 
the more gentle operations, and proceed gra- 
dually to increaſe the force, as the ſtrength and 
conſtitution of the patient, or the nature of the 
diſorder requires. The ſtream from a wooden 
point, a wooden ball, or braſs point, may be 
firſt uſed; ſparks, if neceſſary, may then be 
taken, or {mall ſhocks given. 

In rheumatic caſes, the electric friction is 
generally uſed, If the pains are local, ſmall 

ſhocks 


» 
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' ſhocks may be. given. To relieve the tooth- 


ach, very ſmall ſhocks may be paſſed through 
the tooth; or, cover the part affected with flan- 
nel, and rub it with a director communicating 
with the machine. 

In inflammations, and other diſorders of the 
eyes, the fluid ſhould be thrown from a wooden 
point: the ſenſation here produced is that of 
a gentle cooling wind ; but, at the ſame time, 
it generates a genial warmth in the part affected. 

In palſies, the electric friction and ſmall ſhocks 
are adminiſtered. Streams of the fluid ſhould 
always be made to paſs through the affected 
part. 

In a former edition of this Work, I men- 
tioned that the electrical operations carrying on 


at a great hoſpital, under the direQion of Mr. 


Birch, had even then gained ſome reputation, 
And I ventured to expreſs my hopes, that the 
ſcience being raught under the cautious eye of 
public ſcrutiny would be more univerſally dif- 
fuſed, and that it's merits would ſoon give it an 
eſtabliſhed rank in the art of healing. That 
theſe hopes are fully realized will, I think, be 
evident from the following letter on the ſubjet 
of medical electricity, with which I] have been 
favoured by Mr, Birch. 
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Mr. GEORGE ADAMS. 
2 oN THE SUBIECT- or 


MEDICAL ELECTRICITY; 


FROM Ke 


Mr. JOHN BIRCH, Surgeon. 


SI. 


HE pains you have taken to diffuſe a 
general knowledge of electricity, and the 
unremitting attention you have paid to the im- 
provements of the apparatus, claim the appro- 
bation of every one, whoſe ſtudy has been di- 
rected to the ſcience. I am happy in an oppor- 
tunity of teſtifying how much the ſucceſs of my 
practice has been owing to the expertneſs with 
which you have remedied the defects I found in 
the machine, as they have preſented themſelves 
to me in the courſe of my expericace ;, tor with- 
out your aid I ſhould, like many others, have 
been tired out by the inciticacy. of, the inſtru- 
Ll 4 ment, 
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ment, though I ſhould not, like them, have 
condemned the art for the faults of the artiſt, 
The public have a right to expect from me 
ſome account of the reſult of thoſe experiments 
in medical electricity, which I have now been 
more than twelve years engaged in, and in 
' Which I could never have fo invariably perſiſt. 
ed, had I not found it in many caſes excluſively 
eminent and cflicacious ; for if it applied only 
to ſuch diſeaſes as were curable by other means, 
it would, I am ſenſible, avail little in practice: 
but it's merit is, that it often affords relief where 
every other hope is loſt, and ſaves the noble art 
of ſurgery from the opprobrium of amputation, 
It was not till after ſeveral years experience, that 
1 formed in my own mind a ſyſtenrarifing from 
it's actions on diſeaſe ; this ſyſtem was the re- 
ſult of continued obſervation, and as it has en- 
abled me to teach the practice more ſcientifi- 
cally, I can have no objection to add it to your 
uſeful Eſſay; and to illuſtrate it by a ſeries of 
caſes, which will enable the reader to judge of 
the truth or deception of it. If it ſhould in- 
duce thoſe who may have taken up the prac- 
tice without a ſufficient knowledge of the ſub. 
ject, to reſume it on better grounds, I will ven- 
ture to ſay, it will anſwer their expectations, 
provided they are maſters of the inſtrument, 
and 
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and are acquainted with the cauſe and ſeat of 
diſcaſes. 

The applications of the electric fluid to the 
diſeaſes of the human body may be all com- 
priſed under three heads: the firſt, under the 
form of radii; when projected from à point. 
The ſecond, under the form of a ſpark, when 
many of theſe radii are concentred on a ball : 
'and the third, under that of a globe, when 
many of theſe ſparks are condenſed in a Leyden 
jar. Now to each of theſe heads a ſpecific ac- 
tion belongs: the firſt, or fluid ſtate, acts as a 
ſedative ; the ſecond, concentrated ſtate, as a 
ſtimulant; and the laſt, condenſed ſtate, as a 
deobſtruent. 

Under theſe three plain intentions, I apply 
electricity to diſeaſe, being guided by anatomy, 
to the diſtinction of local, from conſtitutional 
complaints; in the former of which I truſt to 
it's power ſimply; and in the latter, join the aid 
of the phyſician and his art. 

The apparatus I have alſo reduced to a ſimple 
form, conſiſting of a moderate-ſized cylinder, 
conductor, and Leyden jar, with kn inſulating 
chair and electrometer; a glaſs mounted direc- 
ror with a wooden handle, to the extremity of 
which a braſs ball and wooden point are fitted, 
and a braſs director mounted in wood. 


When 
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When I wiſh to apply the fluid, I connect by 
2 fmooth wire the glaſs- mounted director to the 
conductor with a point at it's extremity, and the 
radii are projected from it to the part affected. 
When deſirous of propelling the ſparks, I 
change the point for the ball. When the ſhock 
is intended, the circuit of the Leyden jar muſt 
be made. A perſon inſulated may be ſubjected 
to a twofold intention at one moment. Sup- 
poſe a pain in the eye, requiring a ſedative ap- 
plication to the affected part, and the ſtimulus 
ol a hliſter at a remote place: the fluid may be 
flung from the wooden, point on, the cye, and 
ſtimulating ſparks may be drawn at the ſame in- 
ſtant, by a braſs ball applied between the ſhoul- 
ders. 

By means of the electrometer and theſe direc- 
tors, the ſhock is alſo managcable to the moſt 
exact niccty, and applicd to the ſeat. of diſcaſe 
only. 

The ingenuity with which theſe ſimple modes 
of application may be varied, to puzzle and de- 
ccive the obſervation of a hy- ſtander, is unbound- 
cd, and would have formed a grand baſis for 
empiriciſm, it they had been artfully employed; 
but as electricity has eſcaped, abuſes, and I truſt, 
is worthy the ſerious attention of every practi- 
tioner, I ſubmit the following caſes to the can- 

dour 
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dour of r1 r for their determination, whe- 
ther | | followed an idle purſuit, or dedi- 
catec iny hours to an important object, that has 
already proved in no inconſiderable degree be- 
neſicial to mankind. 


Caſes of the Hledtric Power, applied in the 
Form of Radit or Fluid. 


J. M. aged 18, received a blow from a ham- 
mer on his thumb, the pain of which extended 
up his arm, the flexor muſcles were in a ſhort 
time thrown into ſuch ſtrong action, that the 
fingers were immoveably contracted. The 
proper remedies, both internal and external, 
were ineffectually applied for ſeveral weeks; the 
lad was then ſent to St. Thomas's hoſpital, un- 
der the care of Mr. Chandler, who, finding his 
applications unſerviceable, ſent him to the elec- 
tric room for my opinion. In the preſence of 
ſeveral of the young gentlemen, I placed the lad 
on the inſulated chair, and connecting him to 
the prime conductor, I drew the electric fluid 
from the fore arm by a needle point. In about 
three minutes he complained of uneaſineſs in the 
flexor muſcles of the fingers ; immediately the 
fingers began to extend, and in about five mi- 
putes he had the complete uſe of them. 

The 
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The indentation in the palm of his hand was 
conſiderable, from the length of time the fingers 
had been contracted. Iprognoſticated this effect 
would not be permanent ; it continued, however, 
till the hour of reſt ; but in the morning the 
hand clenched. This readily gave way to the 
re-application of electricity the next day; on 
the third day, the «ſpaſm returned, but in a 
much ſlighter degree; the ſame application was 
continued for fix days, when the muſcles ap- 
pearing to have recovered their tone, it was de- 
ſiſted from, Some appearances of relapſe being 
obſerved on the 1roth day, electricity was re- 
ſumed, and continued for ſeveral ſucceſſive days, 
and at the expiration of a month, the lad was 
pre ſented from the hoſpital well. About four- 
teen days after, he returned to the hoſpital with 
his fingers again contracted, owing to an exer- 
tion he had made in the uſe of a hammer at a 
ſmith's forge. Electricity was applicd as before, 
arid with the ſame good ſucceſs. The young 
man who had the conduct of the machine, 
chuſing to depart from the ſyſtem] recommended 
on the third day, drew ſome ſparks, and paſſed a 
few ſlight ſhocks though the muſcles of the 
fore arm, which immediately cauſed the con- 


traction of the fingers, and ſo ſtrong that they 
could not overcome it by the fluid for the three 
ſucceeding 
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ſucceeding days. I was then acquainted with 
the fact, and putting the machine into high 
order, I drew the fluid from the hand and arm 
for about 6x minutes; I then perceived a tre- 
mulous motion take place in the flexors, which 
was followed by an extention of the fingersn c 
after the other; the antagoniſt muſcles then 
acted ſo forcibly as to bend back the fingers ; a 
perfect relaxation of ſpaſm next took place, and 
the lad was rclieved as uſual. I directed thig 
gentle treatment to be continued every day for a 
fortnight, when he was again diſcharged from 
the hoſpital, cured. 


A ſhopman of Mr. Baratty's, of Fiſh-ſtreet- 
hill, had been three years afflicted with a cold» 
neſs, and total loſs of the uſe of his lower ex- 
tremities; he had gained no relief from the 
advice and remedies he had uſed, and therefore 
was ſent for my opinion. Upon examination 
of the ſpine, 1 found no reaſon to conjecture it 
depended on any affection of that part; the 
diſeaſe had gradually come on from a chill, after 
heating himſelf in a ſummer's day; he was others 
wiſe well in health; I therefore thought the 
electric friction or ſhock might probably be 
ſerviceable, and I put them in uſe. The firſt 
week I made powerful frictions, but with no 

advantage: 


326 AN ESSAY ON ELECTRICITY, 


advantage : the week following I uſed ſhocks, 
and increaſed them from day to day, but the 
patient was not better ; however, he felt no in- 
convenience from the experiment. I then pro- 
poſed to him, that for one month he ſhould 
regularly ſuffer me to draw the fluid only, 
through the affected limbs, and I had not ad- 
hered to this ſimple experiment more than one 
week, before evident advantages were perceived : 
1 determined, therefore, not to alter my plan, 
and within the month propoſed, my patient 
was able to walk with the help of a ſtick only. 
Somebody adviſed him to uſe cold bathing, 
but he ſtaid ſo long at the edge of the bath, that 
no re- action followed the uſe of it, and his extre- 
mities again failed him. He applied to me, 
and I put the ſame method of electricity in uſe, 
with equal good ſucceſs ; the patient obtained 
a perfect cure. 


A young gentleman, whilſt a pupil at St. 
Thomas's hoſpital, had an eruption of his face, 
which followed a fever, and which had reſiſted 
all the advice and treatment of eminent abilities. 
It appeared in ſmall bliſters, which broke and 
ſcabbed, and were extremely unplcaſant in their 
appearance, I perſuaded him to let me try the 


experiment of drawing the electric tluid through 
the 
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the parts, to which he readily ſubmitted, though 
he laughed at the propoſal ; the inſtant relief 
he found from it's firſt application changed his 
ridicule into hope ; he was glad to repeat it 
every day, and in one week he was well. Some 
weeks after he was fiſhing, and expoſed to the 
power of the ſun, which renewed the bliſters ; 
he called on me that day, was electrified a few 
times, and relieved as before. 


Mr. A—— having been a great while under 
the care of my friend Dr. Huck, for an erup- 
tion on his hands and fingers, without the leaſt 
relief, came at length to conſult me by the 
doctor's delire : the eruption had been ſuſpected 
to be the itch and ſcurvy, and had been treated 
accordingly at different times; the diſcharge 
was copious, the ſkin ſtiff, and the fingers un- 
pliant. It was in vain to propoſe unguents or 
lotion, I knew the ſkill of Dr. Huck had left 
none untricd ; I had only to propoſe the expe- 
riment of the electric fluid, which immediately 
gave fo pleaſant a feel to the ſkin, and rendered 
tor a ſhort time the fingers ſo pliable, that the 
patient and myſelf were equally ſurprized at the 
effect. I requeſted that no application ſhould 
be made externally or internally; I applied the 
fluid only once a day, and in a fortnight he was 
quite well, and has remained ſo ever ſince. 


About 
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About two years ſince, this ſame gentleman 
finding a little girl, about g years old, affected 
exactly in the ſame manner, recommended her 
to my care, I applied the electric fluid in the 

ſame manner, and ſhe was cured in one week's 


time, 


An infant under three months, who had ſucked 
her mother during an inflammatory fever, was 
ſo exhauſted, that Mr. Crawfurd thought it im- 
poſſible ſhe could ſurvive the day. The mother 
had recovered, but was in a very weak ſtate; the 
child had loſt all febrile ſymptoms, and had 
formed a critical abſceſs near the knee, but the 
powers of life ſeemed to be exhauſted to ſuch a 
degree, that the infant was incapable of taking 
ſuſtenance, or refreſhing itſelf by ſleep. In this 
ſtate Mr. Crawfurd thought it would be a very 
fair experiment, to try if the eleAric fluid would 
as it were re-animate the ſyſtem. The nurſe be- 
ing ſeated in the inſulated chair, the fluid was 
drawn through the child for a few minutes; 
the languid pulſe was evidently ſtrengthened, 
the child went almoſt immediately into a quiet 
fleep, which laſted two hours; on waking, it 
took the breaſt, then ſlept again; in the evening 
it was moſt clearly better. I electrified it again; 


ſleep and food alternately occupied it till the 
: morning: 


o 
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morning; from this time the child throve and 
grew ſtrong: the abſceſs in a few days pointed, 
I punctured it, and diſcharged an ounce of good 
pus; two other abſceſſes formed, and at leaſt 
an ounce of matter was diſcharged from each 
daily electricity was continued, the abſceſſes 
were only kept clean, and dry lint applied 
to them; the Peruvian bark was given to 
the mother. Notwithſtanding this large depot 
of matter, the child mended daily, the punc- 
tures healed kindly, and the child recovered. 

Two years after I innoculated it for the ſmall- 


POx. 


Ran 11 


"—_— 


An infant of ſix months, remarkably healthy, 
and born of very healthy parents, was innocu- 
lated in the ſpring of the year 1780, and had 
the ſmall pox very favourably ; ſhe was purged 
afterwards and returned home. In about two 
months, the lymphatic glands in the neck ap- 
peared tumid, the child loſt her appetit her 
faeces were of a bad colour, ſhe fell away, and 
the tumours increaſed. Dr. Hebberden was 
conſulted, and after the child had taken the 
medicines he directed for ſome weeks, without 
any relief, I waited on him, to know his opi- 
nion of the caſe : with his uſual perſpicuity and 


candour, he told me, he thought the child 
M m muſt 
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muſt die, becauſe the glands of the mefentery 
appeared to be as much diſeaſed as thoſe of the 
neck, which now were ſuppurating. For a der- 
nier reſort, I propoſed to him a trial of the 
electric fluid, to which he readily aſſented, as 
from that mode of application he thought no- 
harm could reſult. 

The next day I placed the nurſe in the chair, 
with the child in her lap; I tied the wire, con- 
nected with the prime conductor, to the infant's 
hand, and drew the fluid through the tumours; 
I next preſented it to the abdomen, and con- 
tinued the operation a few minutes: the ſenſa- 
tion appeared agreeable to the child, for ſhe 
ſmiled and played during the whole time: as. 
ſhe rode home ſhe fell aſleep; on waking, ſhe 
took nouriſhment, appeared more cheerful du- 
ring the evening, and reſted well at night. In 
a very few days, there was a viſible alteration 
in the child's ſpirits and general appearance; 
the twmours, which I thought would burſt every 
night, did not diſcharge till the tenth day; ſhe 
then gained appetite and ſtrength: J applied 
nothing but dry lint to the ulcers, and con- 
tinued to draw the electric fluid through them 
daily; they healed quickly, the ſurrounding 
glands diminiſhed, the abdomen grew ſoft, and 
in about two months ſhe was recovered. The 


ſummer 
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ſummer advancing, I adviſed ſea-bathing, which 
was accordingly put in ufe; the girl has been 
ſince in perfect health, and no marks of ſcro- 
phula have ever appeared. 


A ſervant maid in my neighbourhood was 
ſeized in the autumn of 1781 with a conſtipa- 
tion in the bowels. The firſt day ſhe kept her 
complaints from the family ; the next, ſhe was 
fo ill, that the apothecary was fent for. He 
endeavoured by five purgative doſes, given at 
proper intervals, to open a paſſage ; on the third 
day, the medicines being ineffectual, a clyſ- 
ter and the warm bath were adminittered ; 
nothing ſucceeded, her pain was extreme, her 
pulſe very quick and low. She began to vomit. 
In this extremity it was propoſed to electrify 
her; ſhe was brought into my houſe, and placed 
in the infulated chair. I connected the chair to 
the prime conductor by a wire, and drew the 
fluid through her cloaths with a ſtcel point. 
She inſtantly complained of a burning heat all 
over her body; in leſs than two minutes, the 
pain in her bowels increaſed fo violently, that 
fhe fainred ; on her recovery ſhe felt quite eaſy, 
and was in ſuch a hurry for an evacuation, that 
the could ſcarce reach the convenience. After 
this, ſhe was carried to her bed, and fell aſleep. 

| M m 2 In 
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In about four hours after, her pain and conflipa- 
tion returned; I directed her to have the expe- 
riment repeated ;. it was followed with the ſame 
ſucceſs, a ſecond evacuation was produced in 

five minutes: her medicines now took effect, 
their operation, as may be ſuppoſed, was vio- 


Tent : the reſl of her cure remained with the 


apothecary ; ſhe recovered in a few days. 


A lady upwards of 70 years old, of a firm 
and healthy conſtitution, after a fit of the gout, 
had her foot and ankle ſwelled and weak ; ſhe 
hoped the advantage of country air and exerciſe 
would reſtore it, but ſhe got no better. As ſhe 
paſſed through London, ſhe conſulted me; J 
perſuaded her to let me paſs the electric fluid 
from a point through the affected joint; ſhe 
complained of feeling a creeping ſenſation up 
her leg as I was electrifying the ankle, it was 
then evening, ſhe grew hot and reſtleſs, ſlept ill 
that night, and the next morning was ſurprized 
with an eruption of the catamenia. I was not 
alarmed at this, as I had known ſimilar circum- 
ſtances; I requeſted her to keep at home and 
do nothing: after the third day they diſap- 
peared ; the ſwelling of her foot ſubſided, ſhe 
recovered the ſtrength and uſe of the limb, and 
returned into Suſſex perfectly well. 


By 
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By Frittun. 


Intermittent, complaints were extremely fre. 
quent in the 2 1780 and 81, inſomuch that 


the failure of the Peruvian bark, which had been 
conſidered as a ſpecific in this diſorder, was re- 
marked by many practitioners, and hence the 
red bark was introduced, 

Several patients were ſubmitted to the expe- 
riment of electricity, when other means failed 
of ſucceſs, and the reſult of repeated experi- 
ments was remarkable. - 


A young man, aged 22, had been 6 months 
aſflicted with an ague, which at it's commence- 
ment was a tertian, and degenerated into a 
quartan ague; he had taken the cortex and 
various other remedies without ſucceſs, he was 
much emaciated ; I electrified him with fric- 
tions, directed him to try the bark again, and 
to come when he expected his next fit, The 
bark would not ſtay upon his ſtomach, but he 
came on the day he expected his fit, one hour 
previous to it's uſual time. I placed him in the 
inſulated chair, and applying the ball of the 
glaſs-mounted director, connected to the prime 
conductor by a wire, to the region of the ſto- 

M m 3 mach, 
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mach, I poured a ſtream of electric ſparks into 
the ſtomach, and extracted them by a braſs ball 
applied up and down the ſpine: he perceived 
himſelf warm and eaſy, yet at the expected time 
his rigor attacked him. I immediately electri- 
fied him again in the ſame manner, and in leſs 
than 3 minutes his rigor ccaſed: in 15 minutes 
the rigor returned, I repeated the operation with 
the ſame effect; his pulſe now quickened, and 
the fever came on; he went home and in: his 
bed, the ſweat ſucceeded, and the paroxyſm 
ceaſed; the ſucceeding day he found himſelf 
much better than uſual. I continued to elec- 
trify him in the ſame manner the 4 following 
days, and his fit did not return; then I directed 
him to take the cortex in powder, which agreed 
well with his ſtomach, and his ague was 
cured, 


Mr. Saltinſtall hearing of this caſe, requeſted 
me to electrity a patient of his, who had a quar- 
tan ague, which teſiſted the cortex and other 
remedies. I applied the ſparks to him in the 
fame manner, and at the acceſs of the cold fit, 
with equal ſucceſs. After being clearified, the 
cortex would reſt upon his ſtomach, and his 
aguc never returned. | 


A ſer- 


* 
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A ſervant in my neighbourhood had been for 
many months afflicted with a-quartan ague, for 
which he had taken a variety of remedies with 
very little relief. In April 1980, he was tor- 
mented with a periodical pain in his head, pre- 
ceded by ſhiverings.and attended with fever. A 
phyſician directed for him à vomit, and the cor- 
tex to be freely taken after it: this judicious 
treatment however gave no reſpite to his pain, 
or alleviation to his ſufferings ; -I was therefore 
induced from compaſſion to try the effects of 
electricity on his caſe. I inſulated him, and 
paſſed the ſtream of electric fluid from the fore- 
head through the back of the head; this ſpeedily 
gave caſe, but only for a few minutes: I then 
covered the head with flannel, and rubbed the 
ſparks along the os frontis, extracting them from 
the occiput for a few minutes. This application 
ſucceeded, his pain ceaſed, he paſſed a com- 
fortable evening, and ſlept well at night; but 
about an hour after he roſe in the morning, his 
pain returned as violent as ever: he came, and 
I repeated the frictions as before, but could gain 
only a momentary intermiſſion of his anguiſh ; 
I reſolved therefore to try the etlect of a gentle 
ſhock, through the affected part; his pain was 
inſtantly removed to another part: I repeated 


the ſhoc k in the direction he pointed, the pain 
Mm vanithed, 
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vaniſhed, and never returned. By the advice of 
the phyſician, he continued the bark a few days, 
and recovered his health. | 


A maid ſervant was afflited with a ſimilar 
complaint, which reſiſted the bark; I electri- 
fied her with the ſparks, and ſtopped the pain: 
ſhe remained well 14 days, and then an heavy 
waſh renewed the pain: I electrified her a ſe- 
cond time in the ſame manner, and completed 


her cure, 
— 


A ſervant in the Temple had been long af. 
flicted with a quartan; I clectrified him at the 
acceſs of the cold fit, by the frictions applied to 
the ſtomach, and extracted from the ſpine, and 
ſtopped the rigor; no fever enſued, and he re- 
mained well one month. When waiting for his 
maſter at the Houſe of Commons, he got wet, 
and his ague returned; he then took a vomit, 
and two ounces of good bark, but his ague con- 
tinued. I began again with electric frictions, 
and ſucceeded in ſtopping the fit the firſt time 
J applied them: I afterwards clectrified him 
every fourth day, for one month, and his ague 
did not return, 


did not eſcape myſelf from an attack of 
jntermittent ſever, My friend, Dr. George 
| Fordyce, 
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Fordyce, directed for me an emetic, and ſome 
febrifuge draughts; after the ſecond fit, he or- 
dered the cortex, of which I took an ounce and 
half, and I flattered myſelf with ſucceſs, for ſe- 
veral hours elapſed beyond the expeQed time of 
the returning paroxiſm. Juſt as I was fitting 
down to dinner, a nauſea and chillneſs ſeized 
me, my pulſe quickened, and the fever ap- 
proached ; 1 ordered my bed to be prepared, 
but 1 wiſhed to experience the ſenſation of elec- 
tricity under this ſtate of approaching fever; 
accordingly I was inſulated, and frictions paſſed 
through the ſtomach and ſpine; the feel was 
vaſtly agrecable, a glow returned upon my ſkin, 
and the quickneſs of my pulſe abated : on my 
return to the dining-room, I found the effluvia 
of the table not diſagrecable to me, I could have 
taſted ſomething, but I refrained; I fat by the 
fire 15 minutes, and found myſelf revive : before 
went up ſtairs, I repeated the electric fric- 
tions, and when I reached my dreſſing-room, I 
was too well to go to bed; ſo I amuſed myſelf 
' with reading for an hour, when I found myſelf 
perfectly eaſy, free from heat or thirſt, my pulſe 
quite moderate, and my ſtomach wiſhing for 
food ; I took only ſome tea, with bread and 
butter; at ſupper-time J cat ſame vegetable, 
and went to bed at twelve, quite well, I con- 


I tinued 
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tinucd well the next day, went abroad, and had 
appetite; I reſolved to take no medicine for 
the fake of the experiment, I paſſed a good 
night, but at 8 o'clock in the morning 1 found 
the fever beginning it's attack; I-roſe imme- 
 Gaately, and ran to the inachine; I was elec- 
trified in the ſame manner, and the ſymptoms 
flew before at. I remained well that day and the 
next, but the following morning, at g o'clock, 
I began again to change, the electric machine 
was a third time applied to with equal ſucceſs, 
and from that period I never had any return of 
my complaints. 


A young lady, during the month of her lying- 
in, was ſeized with a paralytic affection of the 
muſcles on one fide her face; the eye-lid 
dropped, and the mouth was drawn on one 
ſide; ſtimulents were applied to the part with. 
out relief; when ſhe was able to go abroad, the 
came to conſult me, I covered that fide of the 
face with her ſhawl, and drew the fluid through 
it, firſt with a piece of wood, and a few days 
after, with a braſs ball in a wooden handle; the 
cheek, on the aſſected ſide, was fluſhed with a 
beautiful vermillion colour every day, for ſeve- 
ral hours after the application; in leſs than 3 
weeks ſhe was perfectly recovered. 


Thele 
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Theſe local attacks are not uncommon, and 
when unattended by further ſymptoms, are not 
conſidered of much moment. 

A young man, aged 23, was ſeized with a pa- 
ralyſis, which affected his ſpeech, and the 
muſeles of his face and arm: finding little re- 
lief from the uſual remedies, he applied to elec- 
tricity ; by the uſe of powerful frictions with a 
metallic ball, he was completely recovered in 
about one month. 


An old man, who for 3 years had been groan. 
ing under the aMiction of an hemiphlegia, and 
who, though wealthy, had not the heart to ap- 
ply to a phyfician for aid, and had too much 
pride to afk relief from an hoſpital, came re- 

commended for advice. I inſulated him, and 
put in uſe powerful electric frictions, which 
perfectly cured him within one month. 


A gentleman, who had been many years an 
invalid, but who had attained his 6oth year, 
being oppoſed to a bleak wind, was blighted, 
if 1 may be allowed the expreſſion, on the ex- 
pofed fide; the muſcles on that fide his face 
entirely loft their action, his eye-lid dropped, 
his tongue hung flobbering from his mouth, his 

face 
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face was drawn on one fide, his ſpeech affected, 
and his arm and hand benumbed ; his leg was 
but ſlightly attacked. In this ſituation, he ad- 
viſed with Dr. Hugh Smith, who was no inac- 
tive practitioner; but during a month, he re- 
ceived little or no benefit. By the doctor's ad. 
vice he applied ro me; I confeſs, I deſpaired of 
being able to render any relief to this patient, 
whole habit of infirmity was not unknown to 
me; but being urged by a lady of his acquaint- 
ance, to leave no. exertion untried, I ventured 
on the experiment; and the rather becauſe this 
lady, who was an infidel reſpecting electricity, 
declared, if her friend's caſe was relieved, ſhe 
would give credit to all ſhe had heard. The 
method I put in uſe, was inſulation and electric 
frictions, which from day to day gained viſible 
advantage, and in a few weeks eſtabliſhed a 
cure ; my patient being able to ride, and take 
ſufficient exerciſe, beſide attending to an intri- 
cate train'of profeſſional buſineſs, which called 
for his mental exertions. In the long vacation, 
he journied to Wales, and returned in the win» 
ter in much better health than he had been ac. 
cuſtomed to enjoy, Every ſpring, for 3 ſuc- 
ceſſive years, he wiſhed to have a courſe of 
electric operations, which he thought reanimated 
his nerves. He is at preſent living, and enjoy- 

ing 
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ing a ſtate of health, enabling him to uſe daily 
horſe exerciſe, with a chearſul mind, and a vi- 
gour of health, which indicate no probability of 
his cloſing the period of his exiſtence ſpeedily. - 


Caſes of the Elefiric Power applied in the Form 
of Shock. | 


A boy 12 years old, in the workhouſe of St. 
Clement's pariſh, had been left there two years 
with a fixed jaw, and with an enlargement of 
the glands from the ſubmaxillary to the clavicle. 

He had been in St. Thomas's hoſpital 
without receiving benefit; he took his food 
through an aperture left by the loſs of two 
teeth, and excepting this local malady, was in 
good health and ſpirits. As it was cuſtomary 
for the children to flock about the machine, I 
one day paſſed a moderate ſhock through the 
maſſeter muſcles and angles of the lower jaw; on 
my next vifit to the houſe, the maſter ſurprized 
me with ſaying, the boy had been able to ſepa- 
rate his teeth ever ſince: this unexpected 
amendment induced me to repeat the applica- 
tion. On the ſecond repetition, I perceived evi- 
. dent advantage, I therefore daily attended to it, 
and paſſed ſome ſhocks through the enlarged 
glands, one of which, in about 14 days, came 

to 
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to ſuppuration: the diſcharge from this aſſiſted 
the relaxation of the jaw, and gave me an op- 
portunity to diſcover a large portion of diſeaſed 
bone, which I extracted a few days after: the 
pain of extracting this portion of the jaw 
brought on the ſpaſm, which was completely 
relieved the next day, by the application of the 
ſhocks. el 

The cauſe of the diſeaſe being thus removed, 
nature etfected the remainder of the cure, by 
diſperſing the cnlarged glands with the help of 
electricity, ſupplying the chaſm made by the 
exfoliation, and reftoring the lad, who was very 
much disfigured by the diſeaſe, to a decent, and 
not uncomely countenance ; in confequence of 
which, his parents relieved the pariſh of his 
burthen, by apprenticing him to their trade. 


A young woman, who came into the work- 
houſe pregnant, had been obliged to labour, 
almoſt barefaor, during the latter ſtages of her 
pregnancy, in cold and wet ſituations. On her 
recovery from child- birth, her legs and feet 
were numbed and cold, her ankles extremely 
weak and painful; when ſhe attempted to ſtand, 
ſhe had great pain in her ankles and trembling : 
having recovered her health in every other re- 


ſpect, and the apothecary finding general reme- 
dies 
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dies of no effect, I was deſired to try the ex- 
periment of electricity. I paſſed gentle ſhocks 
through the ankles, where ſhe deſcribed her 
chief complaint to reſide. The pain was in- 
ſtantly relieved, a giow came on the lower limbs, 
and continued for ſome hours. On repeating 
the ſhocks the next day, the pain was removed 
to her knees, and did not return to the feet, On 
the third day after being electrified, ſhe was 
able to walk, but her nervous tremblings ſtill 
affected her. I therefore paſted gentle ſhocks 
from day to day, from her hands to her feet in 
croſs directions: theſe quickly removed her 
tremblings, ſhe gained ſtrength daily, and in a 
fortnight went out of the houſe perfectly well 


at. i. 


A fiſlhmonger in my neighbourhood, who had 
tolt the ſight of one eye in his youth, applied to 
me, with an acute pain in his head, which he 
had ſuffered for ſome weeks, and which affected 
the viſion of his other eye. The pain ſhot from 
his forchead to the ſummit of the cranium, 
produced convulſive ſpaſm of the uppenextte- 
mities, which were followed by tremors and 
great oppreſſion of ſpirits. Confiding in the 
notion of the electric ſhock being harmleſs, un- 
der proper management, I did not heſitate to 
paſs one through the brain, in the ditection he 

pointed 
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pointed out, that is, from the frontal ſinus to 

the ſummit of the cranium. He was inſtantly 
relieved from his acute pain, the fight of his 
eye became perfect, and he thought himſelf 
_ cured as by magic. 5 

Not truſting to the permanency of ſuch ſud- 
den relief, I perſuaded him to let me repeat the 
ſhock, after which J paſſed others from the 
ſummit of the cranium to the vertebræ of the 
neck, and from the vertebræ of the neck to the 
hands. I prognoſticated his pain would return 
in a few hours. 

In the evening the pain did return, but was 
neither ſo violent, nor of ſo long duration; I 
repeated the ſhocks the next day; on the third 
day he ſaid his pain had vaniſhed, but the 
weight of his hat was irkſome to him: on re- 
peating the ſhocks in the ſame manner, this 
ſymptom immediately diſappeared, and he 
could wear his hat with eaſe: on the fourth day 
he was free from all complaints, his pain, his 
defect of viſion, his tremors and his oppreſſion 
of ſpirits had quite left him. I paſſed the ſhocks 
again for the laſt time, and had the ſatisfaction 
to find a lang while after, that his cure remain- 
ed complete. 


— — — 


A young woman under the care of the late 
Mr. 
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Mr. Elſe, Surgeon of St. Thomas's hoſpital; 
had repeatedly ſtrained her wriſt; in conſequence 
of which the ligaments were ſo weakened, and 
the ſurtounding parts ſo enlarged, that ſhe had 
no uſe of her hand. I would have undertaken 
the cure in this ſtare, but Mr. Elſe thought it 
would give way to the ſucceſſive applications of 
ſteaming, bliſtering; and bandaging. Aſter ten 
months ineffectual trial of theſe remedies, he 
delivered her into my care. She had ac- 
quired ſome ſmall degree of flexion in her fingers; 
and ſome little ſtrength in her wriſt, but not 
enough to graſp a knife, or lift the ſmalleſt 
weight. My mode of electrifying her was, paſ- 
ting ſmal} ſhocks through the parts affected 
every day ; ſhe gained ſenſible advantages each 
time it was done, and in fourteen days, I pre- 
ſented her to Mr. Elſe holding a pitcher in that 
hand containing two quarts of liquor: In a few 
days after ſhe was diſcharged well from the hof- 
pital. After 6 weeks ſhe preſented herſelf to Mr. 
Elſe for inſpection ; her hand was ſtrong and 
uſeful, and free from pain, ſome little enlarge- 
ment and ſtiffneſs remained about the wriſt joint, 
which yielded to the repetition of the ſhocks in 
three days; but as ſhe was able to execute the 
work of her ſervice with eaſe, and to waſh and 
feour rooms, it was inconvenient for her to at- 
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tend at the hoſpital longer. Six years after hep 
recovery, ſhe again ſtrained the ſame wriſt, in 
wringing cloaths ; ſhe ſought me at the hoſpital, 
and I again electrified her in the fame manner, 
and cured her completely. The laſt application 
was in the year 1785, and I have ſeen hes 
within theſe twelve months, perfectly well. 


Mr. Elſe being ſatisfied of the powers of elec- 
tricity by the preceding caſe, deſired me to 
take the caſe of a woman in St. Thomas's hoſ- 
pital, who after recovering from a fracture of 
the knee-pan, by a ſecond fall had injured the 
patella and it's ligament, in conſequenceof which 
conſiderable tenſion, pain, and enlargement of 
the knee-joint, and of the whole limb enſued. 
It had continued in this tumid and motionleſs 
ſtate for eleven weeks, notwithſtanding cata- 
plaſms, embrocations, fomentations, and band- 
ages had been put in uſe. 

I ventured to make trial of the electric ſhocks 
in this caſe, and paſſed ſeveral through the joint 
and through the whole limb, till ſhe was ſen- 
ſible of an unuſual warmth, which immediately 
removed her pain ; for three hours after ſhe felc 
a remarkable throbbing, and her firſt ſleep was 
diſturbed by the ſenſation of the ſhock paſſing 
through the limb, a ſymptom not at all unuſual, 

E I The 
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The next day the ſwelling was apparently leſs, 
and ſhe had placed her ſhoe on her foot for the 
firſt time. I repeated the ſhocks. 

The third day after being electrified, ſhe 
was able ta put her foot to the ground. On 
the fourth day, the ſwelling had quite ſubſided, 
and ſhe was able to walk with one crutch. 1 
would have deſiſted from electrifying her, as thy 
intention of reducing the ſizeof the limb was 
anſwered, but ſhe „ to continue it, 
in hopes it would expedite the free motion of 
the limb. At the end of twelve days ſhe was able 
to walk into the ſtreer ; but having left off a 
bandage by my direction, leſt it ſhould impede 
circulation, the perceived a crepitus in moving 
the limb, which was at ſome times ſo conſider- 
able as to impede it's uſe, and to produce great 
pain and ſome ſwelling : I therefore applied a 
proper bandage, which remedied this inconve- 
nience, and the was diſmiſſed from the hoſpital 


in a few days after. 


— — — 


The ſucceſs which followed the application of 
electricity to the two laſt caſes, induced Mr, 
Elſe to fend for me in the month of June 1779, 
to a man whom he had taken into the hoſpital 
for what is commonly called a white ſwelling 
of the knce-joint. The diſeaſe commenced 
about three weeks before his admiſſion ; he was 

N n 2 firſt 
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firſt attacked with a ſharp pain under the pa- 
tella, which was followed by a ſwelling, the 
agony of which produced a conſiderable fever, 
which laſted nine days, and then left a vaſt en- 
largement of the joint, with evident fluctuation, 
the limb contracted and waſted both above and 
below the knee. On minute examination, the 
inner condyle of the femur was enlarged ; 1 
thought this circumſtance an objection to 
my experiment, but at Mr, Elſe's defire, I 
began to electrify him with moderate ſhocks, 
which produced an immediate warmth in the 
part, continuing for four hours after. I viſited 
him every day, and repeated the ſhocks. On the 
third day, he could ſet his foot to the ground ; 
the ſwelling gradually leſſened from day to day; 
the fluid was reabſorbed, the limb gained 
ſtrength, the muſcles filled out, and at the end 
of the fortnight he was able to walk as far as 
Tower- hill. On that day he omitted to be elec- 
trified, but felt the want of it ſenſibly: I re- 
ſumed the ſhocks the next morning, and con- 
tinued them to the end of the fifth week, when 
the tumor of the ſoft parts was entirely reduced, 
the contraction of the limb removed, it's ſize 
reſtored, and the leg perfealy uſeful. He was 
deſirous of returning home, and accordingly was 
preſented cured from the hoſpital. 


The 
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The enlargement of the inner condyle of the 
femur was very evident when the tumor of the 
ſoft parts ſubſided, but on examining the whole 
limb, I found a ſimilar appearance at the lower 
_ extremity of the tibia, and the patient told me 
that about ten years preceding, when a boy, he 
went into the water after ſtrong exerciſe, in 
conſequence of which he loſt the uſe of his lower 
limbs, which confined him ſeveral weeks to his 
bed. On his recovery theſe two ſwellings were 
obſerved, which had continued ever ſince with- 
out much inconvenience to him. 

Mr. Elſe giving little credit to this account, 
ſeemed to think the cure incomplete, but I kad 
reaſon from particular inquiry to think the fact 
was as the patient related, and therefore it was 
agreed the man ſhould preſent himſelf before us 
at the expiration of ſix months, which he ac- 
cordingly did, and Mr. Elſe was ſo ſatisfied of 
the effects of electricity, as to declare he would 
never amputate another limb for this complaint, 
till it had been properly tried. 


— — — 


In the month of September following, Mr. 
Elſe deſired me to repeat the experiment, which 
had ſo happily ſucceeded in the laſt caſe, on a 
boy, aged 16, who was admitted into St. Tho- 
mas's hoſpital with a ſimilar ſwelling of the 

Nn3 | knee- 
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knee-joint. The lad's account was, that on the 
19th of Auguſt, whilſt ſleeping in a chair, he 
was ſcized with an acute pain about the knee- 
pan, which waked him; the joint became im- 
mediately ſtiff, and foon after began to ſwell ; 
the pain increaſed, and was attended with a 
conſiderable degree of fever for ſeveral days; 
when the tumor had increaſed to a certain de- 
gree, the pain and fever abated, and left him 
with a uſeleſs limb, much contracted, and in- 
capable of touching the ground; the muſcles 
above and below the joint, waſted, flaccid, and 
inclaſtic. Some blood was taken from the part 
by leeches, but without any relief. 

Septeraber 26th, I undertook the treatment 
of him; I paſſed gentle ſhocks, as in the for- 
mer caſe, until the part felt a ſenſible glow of 
heat. The ſkin was ſo much diftended, that it 
had a ſhining appearance, as if ſmeared over 
with the white of egg; but in four days this ap- 
pearance left him; the boy found ſome ſtrength, 
and much more warmth in his leg. 

October 1ſt, he was ſeized with a diarrhœa, 
at that time epidemic ; he was ſpeedily cured, 
by the attention of the phyſician ; but this cir- 
cumſtance had no effect on his knee. On the 
4th of October, my apparatus broke, and being 
ſent for to Brighton, he was left without any 

aid 
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aid till the 16th, at which time I found him 
preciſely in the ftate I had left him. I then 
reſumed the ſhocks, the good effects of which 
were plainly evident, for he could immediately 
move the limb with acquired facility ; he now 
began to mend very faſt, in a few days he flung 
away one crutch, and ſhortly after the other. 

On the 26th of October, he was able to walk 
from the Borough to Eſſex- ſtreet in the Strand, 
and to return home again with the aſſiſtance 
of only one ſtick. The ſwelling changed from 
the inner condyle .of the femur to the external 
one, with a deep ſeated fluctuation towards the 
patella : the limb was reſtored to it's ſize and 
power, the contraction almoſt removed, and the 
ſwelling very much abated. I continued the 
ſhocks till the 14th of November, when the 
fluid was entirely abſorbed, the contraction re- 
moved, the limb was ſtrong and perfectly uſe- 
ful, and the lad being deſirous of returning to 
his butineſs, was diſcharged from the hoſpital 
well. 

I examined him the 17th of May, 1780, and 
was happy to find he had been perfectly well 


ever lince. F 


A woman was admitted into St. Thomas's 
hoſpital, who had formerly had this ſwelling of 
Nn 4 the 
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the joint, which had been treated with fomen- 
rations, leeches, and internal remedies, and had 
for ſome time a diſcharge by two iſſues made 
with cauſtics, on each fide the pateſla. The 
amputation of the leg had, by theſe means, been 
poſtponed ; but as the knee was contracted, and 
the limb waſted and uſeleſs, the patient was not 
unwilling to have it removed, fince the incon- 
yenicnce of it prevented her going to ſervice. 

I firſt thought it proper to try the effects of 
the electric ſhock, which happily ſucceeded in 
removing the contraction, and giving tone to the 
muſcles of the liu-Þb, fo that in a few weeks the 
woruan left the hoſpital perfectly well. 


—_ 


——— 


An apothecary in We!:minſter, who had been 
attacked with this diſeaſe, was cured by the 
taking repeated 1omits of turbith mineral; the 
effects of which, however, ſo deranged the ſto- 
mach, that it never recovercd it's tone, In the 
winter of 1733, he was again attacked with a 
ſwelling of the knee, the progreis of which was 
extremely rapid, and he was incapable of cheek- 
ing the pain by the comfort of opium, becauſe 
his ſtomach rejected both food and phyſic. In 
an extremity of anguiſh, with an high ſympto- 
matic fever, dejected ſpirits, reſting his laſt 
hope on the relief of Bath waters, but incapable 

8 


AN ESSAY ON ELECTRICITY, 553 


of any motion, he ſent for me, having heard of 
the ſucceſs I had met with in fimilar caſes. 
When I got to his houſe, Mr. J. Hunter was ex- 
pected ; I waited to conſult with him, and learn- 
ing the hopeleſs hiſtory of the caſe from him, I 
propoſed immed lately to paſs the ſhock. 

The patient was much alarmed at my propo- 
ſal, conceiving in the agony he ſuffered, that an 
electric ſhock would increaſe his miſery, I 
thought otherwiſe, and perſuaded him to try 
the experin.ent, in the preſence of Mr. Hunter, 
The ſhock was not painful, as he expected; on 
the contrary, he bore ſeveral repetitions of it, 
till the part felt ſuch a glow, as it ſhould do 
after a ell- applied fomentation. I left him 
rather leſs in pain, and much ſatisfied with the 
experiment. In the evening, I viſited him 
again, found him more eaſy, with a leſs frequent 
pulſe ; and after having repeated the ſhocks, he 
was able to niove himſelf from one ſide of the 
bed to the other. He got ſufficient ſleep that 
night to refreſh him, and was ſenſibly better in 
the morning, I repeated the ſhocks morning 
and evening ; on the ſecond day, he was able to 
get out of bed and have it made; he ſlept well 
that night; his fever ſubſided ; ſmall doſes of 
opium abated the irritability of his ſtomach: 
from the third day, he gained apparent advan- 
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tage each time he was electrified : at the end of 
a a fortnight, he was able to ride in a coach to my 
houſe: at the expiration of three weeks, he re- 
turned his viſits, walking with the help of one 
flick: in a month he was perfectly well. 


A gentleman who had neglected the cure of 
repeated herniæ humerales teſtis, applied to me 
with a very large ſcirrhus of one of his teſtes, 
which I firſt attempted to reſolve by mercurial 
friction, by vomits, cataplaſms, and other exter- 
nal applications. Theſe attive remedies failing 
of ſucceſs, I conſulted Mr. Elſe, who thought 
caſtration the only reſource ; but as the ſper- 
matic chord was not enlarged, he adviſed the 
operation to be deferred till pain approached. 

During this interval, I propoſed to paſs the 
ſhock of a jar, which would contain two quarts 
of water, through the part; the pain of this 
ſhock was not ſo much as I expected; the tu- 
mor, though large and pendulous, was lifted by 
the action of the cremaſter muſcle tight up to 
the abdominal ring; a coniiderable heat was felt 
for ſome hours in the part. Nothing further 
was done for a month, at which period I thought 
the hardneſs not ſo ſtoney, and propoſed to re- 
peat the ſhock, which was done. He went out 


of town for another month; at his return 1 
could 
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could plainly perceive the tumor ſeparated into 
three bodies; I therefore repeated the ſhock. 
He went far diſtant, and did not return to Lon- 
don for 9 months, when he ſent to me; I ſup- 
poſed it was to fix a time for the operation, but 
to my aſtoniſhment, it was to ſhew me the diſ- 
ſolution of the tumor. This cure has remained 
perfectly well ever ſince, and if there is any dif- 
ference between the teſtes, it is, that the diſ- 
caſed one is rather the ſmalleſt, 


00 


Take an orange, or an onion, place the direc. 
tors on it's oppoſite ſides, and paſs a ſmall 
ſhock, it will be conducted round from one 
director to the other by the fluids in the fruit; 
but paſs a conſiderable ſhock from a large jar, 
it will illuminate the whole body, and pervade 
every part of it, 

Docs not this point out the propriety of large 
ſhocks, when a ſcirrhous gland is to be rouſed 
into ation ? 


A gentleman, who had been under the care 
of Mr. Hunter for a ſcirrhous teſtis, and who 
was recommended by him to try electricity, ap- 
plied to me for that purpoſe. As his habit was 
weakened by mercurial frictions, which had 


been 
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been put in uſe, I thought it adviſeable to direct 
him the bark, and to poſtpone the ſhock, till 
he had recovered his ſtrength. | 

The ſpermatic chord was free from diſeaſe, 
though the teſtis was much enlarged, and very 
hard. I began with paſſing ſtrong ſhocks, as 
in the former caſe, through the tumor, in 
different directions ; but as his reſidence was a 
few miles from London, it was agreed he ſhould 
viſit me twice in a week: theſe ſtrong ſhocks 
were therefore regularly applied at the ap- 
pointed times, and it was one month before I 
perceived any alteration, when the tumor began 
to ſeparate into two bodics: from this time it 
gradually leſſened, the epididymis, and the 
body of the teſtis, being firſt diſtinguiſhable 
from each other; the teſtis next becoming ſofter 
and diminiſhing, and the hardncſs of the epi- 
didymis laſtly diſappearing. 

While I was pleaſing myſelf with the hope 
that the ſucceſs of elcCtricity, in this caſe, 
would be a fufficient proof of it's ſuperior 
power to other remedies in local obſtructions, 
the left teſtis began to be enlarged, I knew 
not how to account for this, unleſs from ſome 
general affection of the glandular ſyſtem; and 
yet, under ſuch a tendency to diſeaſe, I could 
not ſatisfy my ſelf, why the other teſtis ſhould 


have Pres to my local treatment, 


While 
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While in this ſtate of ſuſpenſe, I reſolved not 
to try the effect of a ſhock, till ſome other 
ſymptom ſhould direct me further in the cauſe. 
In a little time, an external inflammation ap- 
peared, and then I was given to underſtand, 
that the radical cure of the hydrocele by cauſtic, 
had been made on that ſide by Mr. Elle ſome 
years before; I therefore conjectured, that ſuch 
part of the tunica vaginalis, as had not been 
deſtroyed, but had been left adhering to the 
tunica albuginea, was ſuppurating. I applied 
a cataplaſm of farina ſemin. lini, and the ſkin 
burſt and diſcharged. After the inflammation 
ceaſed, hardneſs and tumor ſurrounded the 
orifice: I then paſſed ſhocks through the diſ- 
caſed part, and covered the orifice of the open- 
ing with liat, applying the lotion of a ſolution 
of white vitriol over it. After paſſing the 
ſhocks, the diſcharge was always increaſed ; the 
hardneſs diſappeared gradually, and when the 
parts recovered their natural ſtare, the orifice 
cloſed. 

As I have occaſionally the pleaſure of ſeeing 
this gentleman, I learn from him, that he not 
only remains well, but that the functions of the 


parts are reſtored, and their ſecretion perfect, 
though moderate. 


A dragoon, 
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A dragoon, who was in St. Thomas's hoſ- 
pital at the time of my election, had received 
a contuſion on one of his teſtes, which had ter- 
minated in a ſcirrhus; it had reſiſted all the 
uſual applications, and he came to the hoſpital 
to be caſtrated. . I thought ir firſt adviſcable he 
ſhould take the chance of the electric ſhock, 
which was adminiſtered daily, and in fix weeks 
I diſcharged him from the hoſpital cured. 


A ſerjeant of the Suſſex militia was ſent to 
the hoſpital with a ſcirrhous teſtis, which the 
late Mr. Bayford had condemned to the knife, 
as indeed any experienced ſurgeon, unacquainted 
with the powers of electricity, would have done. 
I thought proper to try the effects of ſtrong 
ſhocks in this caſe, which were accordingly 
paſſed through the teſtis. The firſt applica- 
tion produced a good deal of pain; on repeat- 
ing them the third day, ſome fever aroſe, and 
the weather being hot, I ſent the man to quar- 
ters at Newington, where he ſpeedily recovered. 
On examining the part at his return, I found 
the maſs of tumor beginning to part into por- 
tions; I then began to paſs ſhocks, but conſi- 
derably ſmaller than at firſt. This mode agreed 
well- with him, and the teſtis was gradually di- 
. miniſhing ; but willing to know if the larger 

| | ſhocks 
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ſhocks were the cauſe of his firſt fever, I paſſed 
one; his pain was great, his tever followed. I 
ſent him again out of the hoſpital till he reco- 
vered; on his return the teſtis was much di- 
miniſhed, and ſmall ſhocks daily repeated com- 
pleted his cure. 


A negro ſervant was admitted into the hoſ- 
pital, under Dr. Blane's care, with a ſcirrhous 
teſtis. The doctor deſired me to try the electric 
ſhock, which was adminiſtered in the ſame 
manner, as in the former caſes, and he was pre- 
ſented out of the hoſpital in two months cured. . 


A coach-painter was ſeized with ſo violent an 
inflammation of the body of the teſtis, that a 
liberal uſe of bleeding, evacuations, and oprates 
gave him no relief, On the third day! fond 
it would terminate in an abſceſs; to prevent 
which, I propoſed to paſs ſmall electric ſhocks 
through the part, which I accordinglydid ; the 
firſt was followed by ſome reſpite of pain. I re- 
peated them every four hours, and the next day | 
the pain and inflammation had fo much ſubſi- 
ded, that the fear of a fuppuration vaniſhed. I 
continued the ſmall ſhocks, but leſs frequent, 
and at the end of one week the cure was com- 
pleted, _ 


— A man 
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A man was admitted into St. Thom s boſ- 
pital, with a ſcirrhous teſtis. On a conſultation 
it was ſuppoſed he muſt part with it, but it was 
judged proper to try the electric ſhocks firſt. I 
paſſed conſiderable ſtrong ſhocks, without any 
inconvenience to the paticnt ; but the reſult was 
not as had been uſual ; for an abſceſs, formed I 
believe in the body of the teſtis, burſt, and diſ- 
charged externally. Electricity was omitted, 
and a ſoft cataplaſm of linſeed applied; the 
wound healed, but round the cicatrix was con- 
ſiderable hardneſs and induration; I then re- 
ſumed the ſhocks, another ſuppuration took 
place, diſcharged, and would have cloſed, but I 
repeated the ſhocks ; and after each time I paſſed 
them, the diſcharge increaſed, and the hardneſs 
diſſolved. This mode was continued till the 
ſubſtance of the teſtis ſeemed in great meaſure 
melted away, When all induration ceaſed, I 
ſuffered the wound to cloſe, and the paticnt left 
the hoſpital cured. | 

I ſce this man frequently ; ſome years have 
now clapſed ſince he was in the hoſpital ; he 


continues perfectly well. 


A gentleman aged 28, in perfect health, went 
into the country to purſue the pleaſures of the 


chace; the ſtrong exerciſe which he uſed, and 
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the little temptation he met with, made him in- 
different about ſofter pleaſures. At length this 
indifference amounted to a loſs of power; and 
alarmed at this, he applied to a phyſician of 
eminence, who treated him with great judge- 
ment, but without ſucceſs. The medicines all 
agreed with his ſtomach, he took them in pow- 
erful doſes, but no good effects followed them. 
After the inability had continued twelve months, 
the phyſician directed him to apply to me for 
experiment. The experiment had been tried on 
animals with ſucceſs ; I therefore paſſed gentle 
ſhocks through both the teſtes, ſuppoſing theic 
deficiency of ſecretion was the cauſe of the com- 
plaint. Theſe were continued daily, and be- 
fore the end of one week it was evident their 
ſecretion was reſtored. The patient however 
was ſo impreſied with the timor animi, that he 
choſe to continue the remedy a month beſote he 
ſatisfied himſelf of a perfect cure. 

I ſaw him three years after, when he informed 
me, he continued well. ; 


In the month of November, 1787, a porter 
of the India warehouſes was fent ro me by a 
lady of great humanity for advice, being in a 
ſtate of melancholy, induced by the death of ohe 
of his children. Seven years before, he had 
OO | been 
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been ſeized in the ſame manner from a ſimilar 
event, but recovered from it in a ſhort time, 
without medical aid. In the year 178g, he was 
a ſecond time ſeized, and remained in this me- 
lancholy ſtate upwards of twelve months, al- 
though every proper advice was called to his aſ- 
fiſtance. | | 

He had been two months afflicted when I 
. firſt ſaw him. He was quiet, would ſuffer his 
.wife to lead him about the houſe, but he never 
- ſpoke to her; he ſighed frequently, and was 
inattentive to every thing that paſſed ; his appe- 
tite and ſleep were moderate, his body regular, 
and his pulſe weak and ſlow. 

I covered his head with a flannel, and rubbed 
the electric ſparks all over the cranium; he 
ſeemed to feel it diſagrecable, but ſaid nothing. 
On the ſecond viſit, finding no inconvenience 
had enſued, I paſſed fix ſmall ſhocks through 
the brain in different directions. As ſoon as he 
got into an adjoining room, and ſaw his wife, 
he ſpoke to her, and in the evening was cheer- 
ful, expreſſing himſelf, as if he thought he 
ſhould ſoon go to his work again. I repeated 
the ſhoc ks in like manner on the third and the 
fourth day, after which he went to work: I de- 
fired to {ee him every Sunday, which I did for 
three months after, and he remained perfectly 

well. 
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well. I then diſmiſſed him, with a requeſt that 
I might be acquainted if ever he had occaſion 
for advice. In the latter end of Auguſt, 1791, 
the woman again applied to me; her huſband 
had continued well till that time, but then had 
a, recurrence of his melancholy without any 
proximate cauſe. As he had apparent feveriſh 
ſymptoms, I did not think him in a fit ſtate 
for the electric ſhock; I therefore adviſed him 
to apply for medical aid, and to the hoſpital, 
if he grew worſe, as I was leaving town. I am 
unacquainted with the ſequel. 


One of the public ſingers, from a variety of 
diſtreſſing cauſes, became extremely melancholy ; 
his diſeaſe gained ground upon him ſo much, 
that he was totally incapable of raking an em- 
ployment, which a kind friend had procured for 
him, and was therefore ſent to me for advice. 
He had no fever, his appetite was moderate, 
his body regular, but his depreſſion of ſpirits 
exceſſive. Conſidering this in the ſame light 
as the former caſe, I began with paſſing ſhocks 
through the head, about fix in number, and di- 
rected him to call the next day. He ſaid he had 
Teſted better. The ſhocks were repeated daily; 
his accounts were daily more favourable. With- 
in a fortnight, he aſked me if he ſhould accept 

a. -: an 
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an offer to ſing at one of the ſummer theatres. 
I told him if he thought himſelf capable of un- 
dertaking it he ſhould, for employment would 
divert his mind. He accordingly attended ſome 
rehearſals. I electrified him after the firſt fort- 
night every other day: he anxiouſly waited 
from time to time, to find me at leiſure for a 
converfation, which took place at the end of the 
month, when I pronounced him well enough to 
undertake his engagement. He then informed 
me, that his anxiety had ariſen from a wiſh he 
had to impreſs me with the change which the 
firſt operation of electricity made in his mind. 
For ſome few days, previous to his conſulting, 
me, he declared he had at ſeveral times deter- 
mined to put a period to his life; for this pur- 
poſe he had penſively walked along the banks 
of the ſerpentine river in Hyde Park, when a 
thought of religion impreſſed him with the hor- 
ror of the deſign. At another time he had the 
razor in his hand, when the footſteps of a friend 
ſtopped his purpoſe. He had reſolved however 
to effect ir, and was in the moſt diſtreſsful agita- 
tions about it, the morning he firſt applied to 
me. In the evening of that day, he declared 
he was ſenſible of the divine interpoſition in pre- 
venting his wicked deſign; that he found himſelt 
able to return thanks; and this relief of his mind 

was 
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was followed by a refrething fleep, from which he 
awoke a new being: that he felt ſenſible of the 
powers of electricity every day after it's applica- 
tion, being capable of mental exertions imme- 
diatcly. He could not be ſatisfied, he ſaid, without 
making this declaration to me, as no one but 
| himſelf could have an adequate idea of the ſud- 
den change the firſt electric ſhocks wrought in 
his mind. 
After this converlation I diſmiſſed him, and 
he fulfilled his engagement that ſummer with 
his uſual applauſe. 


1 — 


A gentleman who had been long a patient of 
Dr. Monro's, with a moping melancholy, and 
| who had reached the age of 26 without any re- 
lief, was brought to me, by the conſent of the 
doctor, for experiment. As I had paſſed ſhocks 
through the brain with ſuch advantage, I thoughr 
this a proper caſe to carry the expcriment as 
far as prudence would direct. I therefore took 
a Leyden bottle, which contained 112 ſquare 
inches of coated ſurface, and paſſed two ſtrong 
ſhocks from it, in directions from the frontal 
to the occipital bone, and from one temporal 
bone to the other. The patient was at firſt ſur- 
priſed, not ſtunned with the ſhock, and in a 
few minutes deſired me to repeat it if I pleaſed. 
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The next day, he fat down with firmneſs, and 
as no inconvenience had occurred from the 
ſhocks, I increaſed the ſtrength, and paſſed two 
ſhocks in the ſame direction as before, On the 
third day, he was reported to have found no 
ſort of inconvenience or alteration from the ex- 
periments; ſo I ventured to paſs the full force of 
the bottle; this likewiſe produced no other ef- 
| fe than a ſlight head-ach, which laſted for an 
hour. I choſe to omit two days, and then re- 
peated the experiment; the patient ſtrongly 
expreſſing himſelf ſatisfied, that this was the 
moſt likely means to do him ſervice. I was, 
mylelf, moſt ſurpriſed that I could practiſe ſo 
boldly, without any ſerious inconvenience to the 
brain; and having carried the experiments as 
far as I wiſhed, I diſmiſſed the patient, in the 
ſame unhappy ſtate he had ſo long ſuffered, 


Two years ſince, I was directed by two emi. 
nent phyſicians to electrify a gentleman who 
had not ſecreted a drop of urine for nine days. 
Every means to procure a return of the ſecre- 
tion had been put in uſe. It was remarkable, 
that the patient ſuffered no apparent inconve- 
nience, nor had any particular alarming ſymp- 
tom from this want of ſecretion. I paſſed flight 
ſhocks from the region of the kidneys to the 

petinæum, 
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perinæum, through the urinary - paſſages; in 
cight hours after, about three ounces of a dark- 
coloured fluid (not bloody) paſſed from the 
bladder: after the ſecond application of the 
ſhocks, four ounces of a fluid, having the co- 
lour, but not the ſmell of urine, paſſed in a 
few hours: the next day, he was electriſied 
morning and evening, and paſſed about twelve 
ounces of urine: the following day it increaſed 
to a pint, the fourth day he paſſed a natural 
quantity, and ſeemed well. However, the ſhocks 
were continued a few days longer, during which 
an eruption appeared on the ſkin. I then took 
my leave, and have the pleaſure of knowing 
the patient has continued well. 


The ſame year a gentleman in good health, 
and of regular habits, aged about 50, was ſeized 
with a pally of his urinary bladder; for ſeveral 
days, his water had been regularly drawn off by 
the catheter: he had been duly attended, and well 
adviſed by an eminent phyſician and a ſurgeon, 
and was at that time taking a courſe of tincture 
of cantharides, without any relief: the parts 
began to grow tender with the paſſing of the in- 
ſtrument. I paſſed a ſtream of electric ſparks 
from the pubis to the perinzum, and along the 
inferior part of the ſpina dorſi, for three days, 
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without any relief: I then paſſed gentle ſhocks 
in the ſame direction, and in three h-urs after 
he was able to expel ſome urine by the muſcu- 
lar power of the bladder. I ſaw clearly this 
was the mode to be purſued ; I repeated the 
ſhocks with daily advantage; ina fortnight the 
cure was completed, the patient rode on horſe- 
back, went a long journey, and has remained 
well ſince. 


8 elderly gentleman, whoſe facultics were 
gradually leaving him, had a relaxation of the 
muſcular coat of the bladder, which rendered 
his company offenſive to his viſitors and attend- 
ants, As I foreſaw the inconveniencies which 
would reſult, being at that time called to him 
for excoriations, I propoſed paſſing ſome gentle 
electric ſhacks through the bladder, in hopes 
of reſtoring it's tone, I was permitted to carry 
my advice into execution: he went out in his 
carrizge after the operation, and did nat wet 
himſelf during his ride; the ſhocks were re- 
peated in the evening, and he held his water 
the night; the next day, his pulſe was too 
quick, and his head confuſed ; I did not there. 
fore repeat the ſhocks, concluding they had oc- 
caſioned theſe ſymptoms. Towards night theſe 
ſymptoms abated, and, as the bladder had re- 
covered 
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covered the retentive power, I had not * 
occaſion to repeat electricity. 


A lady upwards of 70 years, attacked with 
a paralyfis, which gained upon her, notwith- 
ſtanding the moſt able aſſiſtance, from the in- 
voluntary flow of urine, was much excoriated: 
{ was deſired to attend her on this account, and 
was aſked to electrify her for her palſy. Her 
extreme debility, and the ſpace of time ſhe had 
laboured under her increaſing diſeaſe, rendered 
all proſpect of recovery hopeleſs; I therefore 
propoſed to confine my endeavours to the relief 
of that ſymptom which was becoming ſo pre- 
judicial to her, and paſſed a few ſhocks from the 
os pubis to the coccigis, directing proper ap- 
plications to be made to the excoriated places. 
Finding no inconvenience reſult from the ſhocks, 
the next day, I repeated them more ſtrong, and 
this was followed by apparently good effeAs, as 
ſhe did not wet herſelf that day. I continued 
the ſame mode for a few days, the advantages 
were daily more favourable; the excoriations 
healed in proportion as their cauſe diminiſhed : 
I then thought I might interrupt my conſtant 
attendance, but the firſt day's abſence repro- 
duced the complaint; the bladder loſt it's re- 
tentive power, and her ſpirits were remarkably 
low; ** would not ſpeak the whole day, ate 


little, 
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little, and flept ill. Within an hour after 1 
had electrified her, the following day, the ſpoke, 
grew more chearful, and kept her water till 


night. I found a conſtant attendance neceſſary, 


and viſited her upwards of eight months. Every 
day, after being electrified, ſhe would ſpeak, 
appear more chearful, take her food, keep her 
water, and ſleep well at night; but before I 
came, ſhe was ſpeechleſs, ſhewed great marks 
of inſenſibility, and was averſe to all the en- 
deavours of her attendants to aſſiſt her. I was 
once obliged to abſent myſelf two days; during 
this ſhort interval, they all thought ſhe would 
have expired: on my application of electricity, 
ſhe revived again; thus the electric power 
ſeemed to keep life yegetating, and this ſeemed 
the only power it had, nature being too much 
exhauſted to co-operate with it; however, it 
certainly made her exit comfortable, and the 
laſt periods of life ſupportable. The mortifi- 
cation, which uſually follows the urinary exco- 
Tiations, is as offenſively diſagreeable to the at- 
tendants, as diſtreſſing to the unhappy patient. 


On Sunday the 3d of May 1789, a labouring 
man in a fit of deſpair hanged himſelf with his 
filk handkerchief, but being diſcovered by a 
watchman, was cut down before life was ex- 
tinguiſhed : how long he had been ſuſpended. 


was 
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was not to be aſcertained with any accuracy. 
He was conveyed to a houſe, where all poſſible 
aſſiſtance was given him by a gentleman of the 
faculty; about ten o'clock the next morning he 
was brought to St. Thomas's hoſpital, where 
Mr. Johnſon, jun. of the Minories, was on duty. 
At the time of his reception he was inſenſible, 
his breathing was laborious, noiſy, and per- 
formed ſeldom ; his pulſe was ſlow and inter- 
mittent, his countenance indicated an accumu- 
lation of blood in the head, and he was incapable 
of ſwallowing any fluid. Mr. Johnſon firſt 
opened a vein in the arm, and with much diffi- 
culty obtained between five and fix ounces of 
blood: this evacuation producing no ſenſible al- 
teration or effect, he thought an electric expe- 
riment might with great propriety be tried; he 
accordingly paſſed an electric ſhock from one 
leg to the other, the effect of which was ex- 
tremely ſurpriſing ; the patient ſtarted, opened 
his eyes, and ſeemed very much frightened. On 
repeating the ſhock he ſpoke, the blood left his 
face, and his countenance became pale, his 
pulſe was free and regular, and his reſpiration 
ealy. The ſhocks were repeated three or four 
times more in the ſpace of ten minutes; after 
the laſt, a kind of hyſteric affection took place, 
and ſeemed further to relieve him; his feet be- 
came warm, a general perſpiration enſued, he 
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became, quite rational, and on removing the 
bandage: from, his arm it bled freely, and fix 
ounces of blood were taken from it. The patient 


was kept quiet for three days, and then dif. 


charged well from the hoſpital. | 

On examining him with reſpect to what had 
paſſed, he ſaid, he recollected immediately after 
his ſuſpenſion, to have felt a moſt oppreſſive pain 
in his back, aſterwards a pleaſing ſenſation of 
green fields (colours) before his eyes; from 
which time he recollected nothing till the elec- 
trie ſhock, which he deſcribed as balls of fire 
darting through his eyes. I do not know if this 
account of the patient's clucidates any thing; 
but it is evident, apparently, ſuſpended life was 


2 eee, by the ſhock, 


— — 
I the. logging caſes are not ſufficient to 
prove the ſyſtem J have adopted, they muſt at 
leaſt evince the advantages of electricity in the 


practice of ſurgery ; for it is evident amputa- 


tion. muſt have been ſubmitted to in ſome of 
them, if the experiments had been unſucceſsful, 
'I could adduce ſeveral more caſes to illuſtrate 
my meaning, but that I fear to be tedious; and 
there are already enough on record to have 
awakened attention, | 

A mechanical power, which poſſeſſes ſuch 


eminent utility as to leflen che number of ſur- 
gical 
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gical operations, is ſurely deſerving the ſerious 
attention of every practitioner: that. it belongs 
to the department of ſurgery, and requires a 
knowledge of the cauſe and ſeat of diſeaſe, to 
be applied with effect, will, I truſt, be readily 
allowed. 

Thus, Sir, having reſcued a philoſophical ap- 
paratus from the hands of empiriciſm, and given 
to it's modus operandi a rational theory, I ſhall 
hope that an electrical machine may hereafter 
be conſidered an inſtrument of ſurgery; and 
that in ſuch caſes as I have experienced it's ſa- 
lutary effects, the knife will be with-held, till 
a fair and candid trial of it's powers has been 
made; after which, we are warranted by an- 
cient authority, as well as long experience, to 
put the painful part of ſurgery in practice. 
0 Cundla prius tentala: ſed immedicabile vulnus 

« Enfe recidendum ; ne pars ſincera trabalur.”* 

I am, 
S I R, ; 
Your humble ſervant, 


JOHN BIRCH. 
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